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ABSTRACT
This work forms part of growing studies on Natural Product 
Chemistry in the Philippines. Alkaloid field screening conducted by 
the University of Santo Tomas Research Centre provided the 
opportunity to carry out this study on five endemic Philippine 
plants. Structural elucidation of the alkaloids present in three of 
these plants was obtained largely by physical methods, most 
importantly by the use of sophisticated NMR techniques which are 
described in detail in the text.
Talauma gitingensis of the family Magnoliaceae afforded the 
oxoaporphine liriodenine and two noraporphine alkaloids, anonaine 
and xylopine, both of which were characterised as their N-acetyl 
derivatives. The existence of conformational isomerism for the N- 
acetyl derivatives was described for the first time together with a 
complete NMR characterisation of the compounds using 1-D 
decoupling experim ents, nOe enhancem ent and 2-D COSY 
spectroscopy. This was also the first reported isolation of anonaine 
in the genus Talauma.
The species Ophiorrhiza acuminata belonging to the family 
Rubiaceae gave the p-carboline alkaloid, harman, and the 
glucoindole monoterpenoid alkaloid, lyalosidic acid. Three other 
glucoindole alkaloids were isolated, two of which were 
characterised as their methyl esters. Our isolation of Oa-4A-2 is the 
first reported isolation of a palicoside epimer at C-3 in nature. The 
other two methyl ester glucoindole alkaloids were identified as the 
C-20 epimer of lyaloside, a methyl ester of lyalosidic acid, and a C-3 
epimer of dolichantoside.
IV
Four alkaloids were isolated from the leaves of P a n d a n u s  
am aryllifo lius  (Pandanaceae). The novel structures of three of these 
alkaloids were determined using inverse 2-D NMR techniques such 
HMQC and HM BC, and nam ed P a n d am arila c to n e -1 ,
Pandamarilactone-31 and Pandamarilactone-32. A fourth alkaloid 
proved difficult to purify and was found to be unstable. This 
prevented the definite elucidation of its structure although partial 
characterisation is reported.
During the course of this work on alkaloids, an example of a 
false-positive alkaloid was isolated from a plant identified as 
Graptophyllum pictum  of the family Acanthaceae. This compound 
reported for the first time as being present in the family
Acanthaceae and the genus G r a p t o p h y l l u m  was identified as 
vomifoliol A, previously isolated from Rauwolfia vomitoria of the 
family Apocynaceae.
In parallel with these structural elucidation studies of 
alkaloids, a preliminary investigation of the biosynthesis of 
indolizidine alkaloids from Ipomoea muricata was undertaken. The 
I p o mo e a  indolizidine alkaloids are the only alkaloids known to 
occur in nature with a methyl substituent on the indolizidine 
nucleus. Since these alkaloids are biologically active, a closer 
investigation of their biogenetic origin was undertaken. The 
precursors [2-14c]acetate and [U-l ^C]tyrosine were found to be 
incorporated into the intact plant of I. muricata at a low level 
however insufficient labelled alkaloids were available for chemical 
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Plants can be considered as the most prolific laboratory for 
their remarkable capacity to produce and elaborate organic 
compounds of nearly every conceivable structural class; the study 
of which provides a fascinating and fruitful area for scientific
investigations. Primarily, the plant produces a pool of organic 
compounds such as carbohydrates, common sugars, low molecular . 
weight acids, amino acids, proteins and fats. This array of
compounds is widely distributed in plants and is considered to be 
essential in life processes. Hence they are called primary
metabolites. In contrast with the intermediates of primary
metabolism which are ubiquitous, complex compounds like
alkaloids, terpenes, m ycotoxins, phenols, polyenes, and 
polyacetylenes, occur sporadically throughout Nature.1 These 
compounds which are formed by specific, enzyme-catalysed
reactions, often with primary metabolites serving as their starting 
materials appear to have no explicit role in the economy of the 
organism that produces them.2-5 This distinction among natural
products has long been recognised, and substances in this second 
category are commonly referred to as secondary metabolites. This 
myriad of compounds have been used by humans as drugs, 
stimulants, dyes, and for many other purposes since prehistoric 
times. In spite of the many new synthetic drugs available, some of 
our most valuable medicinal agents remain the ones discovered by 
primitive man.
Secondary metabolites unlike primary metabolites, have a 
restricted distribution, being found mostly in plants and 
microorganisms although they occur in great numbers throughout 
the plant kingdom. They are often characteristic of individual
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genera, species, or strains and they are biosynthesised along 
specialised pathways from the primary metabolites.
The great interest in secondary metabolites has stemmed 
from several factors, (1) the search for chemicals from natural 
resources as curative agents; (2) an increased interest in the 
chemical compounds in plants from the viewpoint of pure science; 
(3) studies on biogenetic of essential plant constituents involving 
secondary constituents; and (4) interest in the use of chemical 
constituents as an aid to plant taxonomy, so called chemical 
taxonomy.
1.1.1 Primary Role of Secondary Metabolites
Secondary substances in plants seem to perform many 
functions. Interactions between these substances and various other 
plants and animals in the environment is indeed very complex in 
some instances. Numerous views concerning the roles of secondary 
compounds in plants and their interactions with organisms have 
been proposed in both the chemical and biological literature of the 
past century.6-8 Secondary metabolites have been considered to be 
without functions, i.e. they represent end products of metabolism 
which plants store or excrete by various mechanisms, or that they 
are detoxification products of simple products or plant metabolism. 
It is generally acknowledged now however that these secondary 
metabolites are involved in the defense of the plant against 
animals, fungi, bacteria, and other plants.8
Results of feeding experiments into plant systems provided 
data supporting the proposal that secondary metabolites exist in a 
state of dynamic equilibrium and are not static end products of 










that, for various plant and microbial phenols and for some alkaloids, 
both synthesis and turnover occur, and they are simultaneous.14 
This turnover suggests that the secondary metabolic products are 
closely involved with primary metabolic functions in the plants.
Secondary chemicals may also act as important regulators of 
biochemical processes. Gibberellic acid 1, indoleacetic acid 2 , 
cytokinin 3 and abscisic acid 4 are well known for their capacity of 
altering plant growth. 15
One of the secondary metabolites whose functions are still a 
matter of controversy are the alkaloids. Alkaloids have been 
regarded as by product of plant metabolism and as reserve material 
for protein synthesis16; as protective substances discouraging 
animal or insect attacks17; as plant stimulants or regulators similar 
to hormones18, or simply as detoxification products.19 However, the 
dynamic nature of alkaloid formation, and degradation has been 
well demonstrated, and this has led to the concept that alkaloids are 
not merely a "metabolic sludge".
1.2 Alkaloids in Plants
Alkaloids can be defined as basic, nitrogen-containing 
heterocyclic compounds derived from higher plants. The basic 
nitrogen of alkaloids may be either primary, secondary, tertiary, or 
quaternary and can exist as an amine oxide. The search for new 
alkaloids is continuing and the use of modern chromatographic 
separations and new and powerful analytical techniques such mass, 
NMR and IR spectroscopy has enabled chemists to isolate and 
characterise alkaloids even when they are present in plants in only 
trace amounts. The sources for new alkaloids include both
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previously investigated species and those from which alkaloids had 
earlier been separated by chemical means.
Alkaloids have been detected in more than 100 plant 
families and the vascular plants which have so far been 
investigated have been found to contain more than 2000 individual 
alkaloids. Most of the alkaloids are found in dicotyledons, with some • 
in monocotyledons. Gymnosperms, Pteridophytae, and with the 
exception of two families, fungi are apparently devoid of them.20
Alkaloids are found in various parts of a mature plant 
including seeds (Strychnos, Delphinium  and Cola)', roots (Baptesis  
and Aconitum); rhizomes (Sanguinaria); leaves (Belladonna, Boldus, 
and S tra m o n iu m ); fruits (Capsicum, Piper  and C o n iu m ); and bark 
(Cinchona, Granatum, X a n th o xy lu m )^
The same plant can sometimes produce alkaloids in more 
than one organ, such is the case in Belladonna  where alkaloids are 
found in the leaves and roots. Manske22 observed that an enormous 
number of alkaloids in biennials and perennials are found in the . 
roots, with the exception of Dicentra,  Aconitum , and Delphinium,  
which produce more alkaloids in the aerial portions. In annual 
plants the localisation of alkaloids in particular organs is not as 
pronounced. Wounded tissue as well as regenerated tissue after 
removal of the bark (Cinchona) is often rich in alkaloids.
Secondary plant metabolites are in a constant dynamic state 
of change and interchange during plant growth. The appearance and 
disappearance of alkaloids, for instance, poses questions as to 
whether they were translocated from another site, broken down in 
situ, exhaled, or leached out. This has been clearly demonstrated in 
tobacco where the alkaloid nicotine is synthesised in the root and 
translocated to the leaf. Alkaloids in living cells are usually found in
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the cell vacuole in the form of water-soluble salts of such organic 
acids as malic, citric, oxalic, succinic, or tannic acid.
In plants, alkaloids are synthesised almost exclusively from 
a restricted group of a-am ino acids - ornith ine, lysine, 
phenylalanine, tyrosine and tryptophan. In spite of their great 
structural diversity, a few principles may be discerned which 
govern the synthesis of alkaloids in vivo. The C-N framework of the 
heterocyclic ring of many alkaloids is almost always generated by 
the initial condensation of an aldehyde and a primary amine.2-5, 23 
Both aldehyde and amine may be derived from the same amino 
acids. The initial condensation product may then be involved in 
either intramolecular or intermolecular reactions. The great variety 
of alkaloids is then derived by different chemical transformations 
of these initial condensation products.
1.2.1 Screening of Alkaloids
Screening programs have been particularly stimulated by 
the pharmacological properties that many alkaloids possess. Thus a 
great number of screening programs are currently underway in 
many parts of the world to evaluate the local flora; to study 
medicinal folklore with modern techniques; to check herbarium 
collections for useful drugs; to explore toxic or poisonous plants; or 
to survey plants for particular pharmacological properties. Aside 
from isolation and structural studies, the interest of phytochemists 
is also centred on finding the function of alkaloids in the plants, 
their site and mechanism of synthesis, their metabolism; or their 
importance in taxonomy.
There are several approaches that have been employed for 
selecting investigational plants having a drug potential. The most
Reserpine 5
R = CH3 Codeine 7 
R = H Morphine 8
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basic of which is the selection of plants known to have a medicinal 
folkloric background, including those selected from field studies in 
ethnobotany. Some outstanding examples that support the value of 
investigating folkloric medicinal plants are Rauwolfia serpentina 
which yielded the hypotensive alkaloid reserpine 5 ; the curare 
plant from which the muscle relaxant d-tubocurarine 6 was found 
and the analgesic codeine 7 and morphine 8 from Opium poppy.
Another approach is the random or discrete selection of large 
numbers of plants followed by phytochemical screening to establish 
the presence of particular chemical groups that are usually 
associated with specific types of biological activity. Screening of 
randomly selected plants from one or more types of biological 
activity is another approach that is becoming popular amongst 
phytochem ists.
In screening crude plant extracts for alkaloids one has to be 
aware of the false positive reaction obtained with some commonly 
used alkaloid reagents, such as Mayer's, Silicontungstic acid, 
Dragendorff's or Wagner's reagent. For instance, proteins and other 
substances can cause precipitates with reagents containing heavy 
metals. Artifacts giving a positive alkaloids test can be created by 
interaction of NH4OH and acetone in plant extracts, or by action of 
an NH3 in nonalkaloidal precursors of "alkaloids". Farnsworth24 had 
reviewed false-positive and false-negative alkaloids reactions.
Present day research in Natural Products Chemistry ranges 
from the search for drugs or other compounds with practical uses, 
and even beyond the challenge presented by an unknown structure 
of a new compound. The structure of naturally occurring 
compounds are often a reflection of genetic individuality, and many 
of them are now recognised as valuable indicators of the
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relationships between the living organism from which they are 
derived and of the chemical transformations that take place in the 
cell.
1.3 N atural P roduct Chem istry in the Philippines
For the past years, natural product chemistry in the 
Philippines had gained recognition for its continuous research on 
the isolation of biologically active compounds from endemic plants. 
The government, aware of its rich flora, have always encouraged 
and supported research aimed at investigating the potential of 
indigenous Philippine plants. Folklore medicine had long been a 
practice in several areas of the country and still is popular in some 
distant areas where more modern medical practices are 
unavailable. Information acquired from the folklore archives has 
been a constant guide in the search for plants that could be a 
potential source of novel biologically im portant secondary 
m etabolites.
Several private universities and governments institutions 
have conducted phytochemical surveys in different areas of the 
country. These phytochemical surveys have been well documented 
in the literature.25,26. Cooperative work with foreign universities 
provides essential aids to facilitate research on these plants.
The University of Santo Tomas Research Centre has been 
conducting alkaloid field screening in different localities of the 
Philippines for the past ten years. The isolation and structural 
elucidation of alkaloids and other biologically active compounds has 
been the top priority of its long range program on natural products. 
This work which is parallel to the on-going natural products 
research at the UST Research Centre has the main objective of
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isolating and establishing the structures of alkaloids from Philippine 
plants that give positive responses with the Culvenor-Fitzgerald 
alkaloid field screening tests. Plants were collected from the 
different areas surveyed by the UST group which comprises a team 
of chemists, botanists and foresters. Close coordination between 
chemists and botanists play an important role in the success of this 
type of work. Geographical locations of the habitat of the plants 
investigated in the study are indicated in Figure 1. It was the aim of 
this work to elucidate the structures of the alkaloids contained in 
these plants. Whenever possible, these alkaloids can serve as a 
model compound for either further biosynthetic works or 
characterisation of biological activities.
CHAPTER 2
ISOLATION AND STRUCTURE ELUCIDATION




Living plants produce a rich variety of chemical substances, of 
which some have proved the delight (and the frustration!) of 
organic chemists for the challenges in structural and synthetic 
chemistry which they offer. One group of alkaloids that has caught 
the interest of chemists because of their complex and diverse 
structures, is the indole alkaloids.
Indole alkaloids are most widely distributed among flowering 
plants as most alkaloids generally are. The great majority of simple 
indole alkaloids are confined to the dicotyledons. It is also logical 
then, that the more complex indole alkaloids also mainly inhabit the 
dicotyledons. Moreover, as pointed out by Le Men and Taylor27, 
they occur most frequently in the Apocynaceae, Loganiaceae and 
Rubiaceae plant families. A few representatives of this remarkable 
group of alkaloids have also been found in phylogenetically more 
rem ote fam ilies such as Annonaceae, Euphorbiaceae, and 
Sapotaceae. Alangiaceae and Icacinaceae are the most recent 
additions to the list of plants which contain complex indole 
alkaloids. Simple indole alkaloids basically contain the tryptamine 
unit derived from tryptophan. Complex indole alkaloids, on the 
other hand, feature in their structures the tryptamine unit, which is 
usually unmodified, together with C9-C 10 units, which initially 
offered puzzling problems in the definition of their biosynthetic 
origin, until it was recognised that they resemble naturally 
occurring cyclic monoterpenes.
A number of reviews28»29 suggest that chemotaxonomic 
considerations in this area have been aided by the rapid progress 
made in the chemistry and biosynthesis of the various indole 
alkaloids. Furthermore, the latter two disciplines have benefited
1 0
from a chemotaxonomic understanding in the search of new 
alkaloids and in the elucidation of biosynthetic pathways.
Over 2000 indole alkaloids are known at present. These 
include compounds with the true indole chromophore and those 
derived from it. Furthermore, the indole alkaloids are subdivided 
according to structural and biogenetic considerations. Only the class 
of indole alkaloids relevant to discussion of Ophiorrhiza acuminata 
alkaloids will be reviewed at this point.
2.1.1 p -C arb o lin e  A lkalo ids
The p-carboline alkaloids constitute a group of alkaloids 
derived from simple variations in the oxidation state of the 
p-carboline ring system. These alkaloids, of which eleagnine 9 and
harman 10 are the simplest members of the series, occur in various 
plant families, e.g. Leguminoseae and Rubiaceae. Cordell30 had 
classified indole alkaloids with p-carboline ring system as Harmala 
alkaloids.
In p-carboline itself, the pyridine nitrogen is weakly basic but 
in the tetrahydroderivatives, the piperidine nitrogen is quite 
strongly basic. The indole NH is acidic in both cases. Most of the 
Harmala alkaloids are substituted at C-l by a methyl group and the 
parent compound having this structure is known as harman.
Ri r 2 r 2 R 4
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The p-carbolines, simple in structure as they may seem, have 
been reported to exhibit a wide range of pharmacological activities. 
E leagnine 9 and harmine 11 were once used for treatment of 
tremors in Parkinson's disease.31 A study made by Ohmoto and 
K o ik e32 showed that some P-carbolines, unlike other herpes drugs 
which are nucleic acids, are potential inhibitors of herpes virus. 
Those found to be effective against HSV-1 are the alkaloids 
norharm an 1 2 , harman 1 0 , 1-hydroxylm ethyl-p-carboline 13, 
3 -m eth o x y -ca rb o n y l-1 -m ethyl-p-carboline 14, 7-methoxy-methyl- 
p-carboline (harmine) 11 , 1-(1\  2 ’-dihydroxy)ethyl-4-methoxy-p-
carboline 15 and 4,8-dimethoxy-l-vinyl-P-carboline 16.
Al-allaf and his group33 found that a range of novel complexes 
of Platinum and Palladium with P-carboline alkaloids harmaline 17, 
harmalol 18, harmine 11 and harman 10 , exhibit some antitumour 
activity. Some p-carbolines were able to potentiate mutagenecity of 
benzo[a]pyrene, but they themselves were not mutagenic.34»35 
R ashan36 found harmine 11 and harmaline HC1 to exhibit antiviral 
activity against Herpes virus hominis type I, with harmalol found to 
be inactive.
A number of P-carbolines have been found to be potent 
inhibitors of the monoamine oxidase enzyme with the aromatic 
p-carbolines found to be better inhibitors than their corresponding 
tetrahydroderivatives. Alkylation at N-9 nitrogen increased the 
activity quite remarkably37 while substitution of N-2 nitrogen of 
the P-carbolines by CH completely supressed monoamine oxidase 
inhibitory activity.38
As a result of the reported biological activities observed for 
this class of indole alkaloid, several groups examined aspects of the 
synthetic chemistry. Synthesis of p-carbolines was initiated by
1 2
K e r n a c k 39 in 1921 when the condensation product of 
tryptophan 19 with acetaldehyde in the presence of acid was 
oxidised with K.2 CX2 O 1 . The resulting base was found to be harman 
10, identical to the base obtained by Hopkins et aft® in 1903 by the 
oxidation of tryptophan 19 with ferric chloride in the presence of 
ether.
Harman 1 0 , which was first prepared as a degradation 
product of harmine l l 41, also occurs in Nature. The alkaloids, 
lo tu rine42 and aribine43, isolated from Symploccus racemosa Roxb 
and Arariba rubia Mart, respectively, were found to be identical to 
har man 10.
Early syntheses of p-carbolines involve two general reactions: 
(a) ring closure of various acid amides of tryptophan 19 with the 
aid of P2O 5 in boiling xylene giving rise to dihydroharman or its 
derivatives.44’45 Subsequent dehydrogenation with Pd black yielded 
harman 1 0 4 6 ; (b) the condensation of tryptamine 20 with 
paraldehyde giving the t e t r ahydroharman.47 The alkaloid
e l e a gn i ne  9 was shown to be the racem ic form of
te trahydroharm an .4 8
At present, in the syntheses of p-carbolines, the Pictet- 
Spengler condensation is the most widely used reaction, carried out 
in a protic solvent, which most likely resembles the in vivo 
conditions.49
The carbolines have long been a subject of biosynthetic 
speculations with the farsighted proposal by Perkin and Robinson50 
in 1919, that they arise in vivo from a Mannich condensation 
between a tryptamine derivatives and acetaldehyde. So far, few 
studies have provided data on carboline alkaloid biosynthesis.
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Scheme 1. Possible Pathway for the Biosynthesis of 
Eleagnine 9 and HarmanlO.
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O'Donovan and K enneally51 examined the formation of 
eleagnine 9 in Elaeagnus angustifolia. Feeding experiments with 
[2 '- 14C]-DL-tryptophan and sodium [ l - 14C]acetate yielded a 
radioactive alkaloid, labelled exclusively at C-3 and C-l 
respectively , in support of the Perkin-Robinson proposal. 
Surprisingly though, the extent of incorporation of the two 
precursors was low (0.01% C-3 and 0.003% C-l).
Scheme 1 shows a possible pathway for the 
b iosynthesis of eleagnine 9 based on the above feeding 
experim ents. A pyridoxyl phosphate-catalysed decarboxylation 
yields tryptamine 20 which condenses with acetyl coenzyme A or 
some other suitable 2C donating species, to ultimately produce 
eleagnine 9.
A thorough study of the biosynthesis of harman 10 in 
Passiflora edulii  was reported by Slaytor and Macfarlane5 2 
(Scheme 1). Evidence that tryptamine 20 and N-acetyltryptamine 
are intermediates in the tryptophan 19 to harman 10 conversion 
were presented. N -acetyl-[2 '-14C]-tryptophan was shown not to 
serve as a precursor for harman 10, while [ l '- l4C]-tryptamine and 
N -a c e ty l-[ l '-14C]-tryptamine were both utilised to form specifically 
the labelled alkaloids. Free tryptamine 20 was detected in the 
plant, however the presence of N-acetyltryptamine could not be
Table 1. Some Monoterpene Indole Alkaloids of Pharmacological 
Significance.
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directly established. Stolle and G r o g e r 5 3 in their study of the 
biosynthesis of harmine 11 , showed that the two carbon-unit of the 
(3-carboline ring system is generated either from acetate or 
py ruvate .
2.1.2 M onoterpenoid-D erived Indole A lkaloids
This is the major group of indole alkaloids and numbers over 
700 members of widely differing structure and pharmacologic 
activity. Representative alkaloids of this group are listed in Table 1 
together with their therapeutic importance and sources.
B iosynthetic  experim ents have estab lished  that the 
fundamental building blocks for monoterpene indole alkaloids are 
tryp tam ine (derived  from tryp tophan) and the iridoid  
secologanin 21 .
Secologanin 21
Condensation of these two compounds forms (in vivo) 
strictosidine 22 (formerly named isovincoside) and its epimer 
vincoside 2 3 , the nitrogenous glycosides which are the key 
















Scheme 2. Classification of Indole Alkaloids by Kompis,
. 54Hesse and Schmid.
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Because the building units for the indole alkaloids have 
already been established, a secure foundation through which a 
biogenetically based system for the classification of these bases can 
be constructed. Thus, in 1971, Kompis, Hesse and Schmid54, 
presented a new approach to the classification of indole alkaloids 
based on the structural framework established by biosynthesis 
studies (Scheme 2).
According to Scheme 2, the indole alkaloids can be divided 
into 5 major classes, as follows: ( 1) Class 1, represented by 
ajmalicine 24, contains the non-rearranged secologanin unit, (2) 
Class 2, which arises from pathway a as shown in Scheme 2, is 
typified by secodine 25, (3) Class 3, such as vincamine 26, involves 
process a and a rearrangement via b; vindoline 27 is also typical of 
Class 3 which arises from the rearrangement of skeleton 2.3 via 
process c, (4) Class 4, of which fructicosine 28 is typical, involves 
rearrangement of the structural unit of Class 3 via pathway e; and 
(5) Class 5 which includes catharanthine 2 9 involves the 
attachment of C-17 to C-14 via route d as shown in the scheme. 
These classifications may be of use in the field of chemotaxonomy 










c h 3 c o 2c h 3
Vindoline 27
D alton31, in his review on the biosynthesis of monoterpenoid 
indole alkaloids, had renamed the above classes into five widely 
recognised categories: namely, (1) Corynanthe-Strychnos bases as 
represented by ajmalicine 24, yohimbine 30, reserpine 5, ajmaline 
31 and strychnine 32; (2) the Cinchona alkaloids, of which quinine 
33 is typical; (3) the Iboga alkaloids such as catharanthine 29; (4) 




G eran io l
t t
Scheme 3. Transformation of Geraniol 36/Nerol 37 
into Loganin 38
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Eburna family, which includes vincamine 26. These categories have 
since been widely used in discussions of monoterpenoid indole 
alkaloids.
Secologanin 21 has been established to be the source of the 
C9-C 10 unit of monoterpenoid indole alkaloids. Several studies have 
proved that the secologanin unit did not come from phenylalanine, 
tyrosine, malonate, acetate and formate55»56; shikimic acid57; 
m e th io n in e 5^; or glycine.5  ̂ Instead, based on the investigations 
conducted independently by Battersby60, Scott61, Arigoni62 and 
their co-workers, on a single plant Vinca roseus, the C9-C 10 unit as 
represented by the Corynanthe-Strychnos, Aspidosperma and Iboga 








The conversion of mevalonic acid to secologanin 21 involves 3 
distinct transformations: (a) the conversion of mevalonate to 
geraniol 36 and its trans isomer nerol 37; (b) the transformation of 
geraniol 36 and/or nerol 37 into loganin 38 (Scheme 3), and (c) the 
cleavage of loganin to secologanin 21 .
The transform ation of geraniol or nerol involves the 
conversion of a dialdehyde to an enol ether into the intermediate 
deoxyloganic acid and eventually to loganin. Loganin is a key 







alkaloids and its transformation from geraniol and nerol is very 
critical in the stereochemical evaluation of the secologanin unit of 
the monoterpenoid indole alkaloids. The trans isomer nerol 37 and 
its hydroxyderivative are incorporated slightly better than is 
geraniol.31
Several possible pathways have been postulated for the 
conversion of loganin 38 to secologanin 21.31 One possible pathway 
is the oxidation of loganin 38 to the unknown hydroxyloganin 3 9 
and a cleavage reaction leading to secologanin (Equation 1). Another 
possible route is the introduction of a suitable leaving group onto 
the hydroxyl (e.g., as a peroxide) and cleavage in the opposite way 
to route (a) (Equation 2).
The condensation of tryptophan and secologanin leads to the 
formation of isovincoside, now called strictosidine, 22 and its C-3 
epimer vincoside 23 (Scheme 4). Initially, it was believed that 
Corynanthe-Strychnos, Aspidosperma and Iboga alkaloids were 
derived from vincoside which was considered to be the product of 
the reaction between tryptamine and secologanin.63 However, 
biosynthetic studies on Catharanthus roseus cell cultures showed 
that the sole product of the condensation between tryptamine and 
seco logan in  is s t r i c t os i di ne . 64- 6  ̂ The confusion on the 
stereochemistry of the C-3 position was eventually cleared up with 
biosynthetic studies conducted on cell-free extracts of C. roseus. 
S trictosidine was transform ed to ajm alicine, vindoline and 
catharanthine and negligible incorporation of vincoside into these 
alkaloids were found.64’ 66’ 6 -̂70
A summary of further elaborations of strictosidine into the 
major class of monoterpenoid alkaloids is shown in Scheme 5.
o c h 3
S t r i c t o s i d i n e  
( I s o v i n c o s i d e )




V incam ine  
( E b u r n a  f a m i l y )
Scheme 5. Sequence of Formation of the Five Bases as Categorised
by Dalton.31
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2.1.3 Genus O p h i o r r h i z a
Since the first reported literature on the Genus Ophiorrhiza  in 
1959, only four species have been reported namely, O phiorrh iza  
mungos , Ophiorrhiza japónica , Ophiorrhiza kurowai and Ophiorrhiza 
pumila.
Ophiorrh iza  mungos  Linn, is a small herbaceous shrub 
indigenous to southeast Asia and South India. Ethnomedical 
information reveals the roots, which are bitter, to be useful for the 
treatment of snake bites and rabies. Another report states that this 
plant is useful in the treatment of c a n c e r .7 L72 Preliminary chemical 
examination of the roots showed the presence of (3-sitosterol, 5a- 
ergost-7-ene-3 |3-ol and 5a-ergost-8-(14)-en-3(3-ol (as an ester).71 
In a routine screening for antiviral activity conducted by Tafur et  
a /72, the alcoholic extract of O. mungos leaves, roots and stems was 
shown to be a potent inhibitor of herpes virus. Two active 
c o m p o u n d s  id e n t i f ie d  as c a m p to th e c in  4 0 and 
10-m ethoxycam pto thecin  41 were isolated from the leaves of 
O. mungos by a bioassay-directed fractionation method.73 B o th  
compounds were found to be active using a plaque reduction assay 
for herpes virus.
C am ptothecin and 10-m ethoxycam ptothecin were first 
isolated by Wall et a V 3 from the rare Chinese tree C a m p to th e c a  
acuminata  (Nyssaceae) in small yield. Recently, Mappia foetida has 
been reported to be a rich source of these compounds.74
Cam ptothecin 4 0 is a potent antileukemic and antitumor 
agent in experimental animals.75 While 10-methoxycamptothecin 
41 has not been reported as an inhibitor of herpes virus, it has 
been shown to fragment DNA.76 However with the plaque reduction
R j  =  H  , Hz =  C O O ' O p h io rin e A  4 2  
R x =  O C H j,  R 2 =  H  O p h io rin e B 4 3
O
L y a lo s id e  4 4
assay, the methoxy analog is about 8 times more potent than 
camptothecin 40 as a herpes virus inhibitor.72
R  =  O C H 3 10 -M e t h o x y c a m p to t h e c in  4 1
A study made on the constituents of O. japónica Bl. by Fujita 
and Sumi77 showed the ethereal extract to contain the P-carboline 
alkaloid harman 10, friedelin and p-sitosterol. The methanolic 
extract gave harman as the sole alkaloid.
With the report on the isolation of campthothecin from this 
genus, Aimi and his group took a closer look at the constituents of 
O. japónica. In 1985, he reported the isolation of two novel betaine 
type indole alkaloids, Ophiorines A 4 2  and B 4 3  from the water
layer obtained from the alcoholic extract of the leaves of
O. japónica .78 Both compounds were identified by chemical and 
spectroscopic methods. On méthylation of Ophiorines A and B with 
C H 2N 2 in CH3OH, retro Michael reaction was observed to occur 
yielding the known glucoindole alkaloid lyaloside 44.79
This observation together with the lH and 13C chemical shift 
argum ents allow ed the deduction of the stereochem ical
configuration of Ophiorines A and B at C-15 (and therefore, C-17),
C-20, and C-21. Of the more than 20 glucoindole alkaloids found in
R  = H  L y a lo s id ic  A c id  4 5  
R  = O H  1 0 -H y d r o x y ly a lo s id ic  A c id  46
R j  -  O H  R 2 = H 6 -H y d ro x y h a rm a n  4 7  
R x = H  R 2 = O H  1 0 -H y d r o x y h a r m a n  4 9
9 -M e t h o x y c a m p t o t h e c in  4 8
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n a t u r e , 78  O p h io rin es A  and B  are unique fo r p o ssessin g  N ( b ) - C i 7 
lin k a g e  and P -c a r b o lin iu m  ty p e  stru ctu re . T h e  sa m e a lk a lo id s,  
O p h io rin es A  and B ,  togeth er w ith  se v e ra l other constituents w ere  
also  found in O . k u r o w a i  w h ich  g ro w s in Ish igak u  and other south­
w e st islan d s o f  O k in a w a  P re fe ctu re .79
A  y e a r later, A im i and his grou p reported the isolation o f tw o  
m o re n e w  g lu c o s id ic  a lk a lo id s  n a m e ly , ly a lo s id ic  a cid  4 5  and 
1 0 - h y d r o x y ly a lo s id ic  a c id  4 6 ,  together w ith  a k n ow n  p - c a r b o l i n e  
a lk a lo id , 6 -h y d ro x y h a rm a n  4 7  from  O . j a p ó n i c a . 19 L y a lo s id ic  acid , 
to g e th er w ith  h arm an , cam p to th ecin  4 0 ,  9 -m e t h o x y c a m p t o t h e c in  
4 8  an d 1 0 -m e t h o x y c a m p t o t h e c in  4 1  w e re  a lso  iso la te d  fro m
O. k u r o w a i .80
T h e  a lk a lo id  6 -h y d r o x y h a r m a n  4 7  is the seco n d  sim ple  
p -c a rb o lin e  fo u n d  in gen u s O p h i o r r h i z a  sin ce  F u jita  and Su m i 
iso lated  harm an fro m  the sam e plant.
E n z y m a tic  h y d ro ly sis  o f  the g lu c o sid ic  lin k a g e  o f ly a lo sid ic  
acid  4 5  and 10 -h y d r o x y ly a lo s id ic  a cid  4 6  y ie ld ed  harm an 1 0  a n d  
1 0 -h y d r o x y h a r m a n  4 9  instead o f  the desired a g ly c o n e  w h ich  w as  
intended to se rve  as the starting m aterial fo r b io m im etic  ch em ical 
co n versio n . T h e se  resu lts, together w ith  the isolation  o f a sim ple p- 
c a r b o lin e  lik e  6 -h y d r o x y h a r m a n  4 7  and harm an 1 0  and their 
co rresp o n d in g  g lu co a lk a lo id s in the sam e p lan ts, stro n gly  suggested  
a c lo se  relation sh ip  b etw een  these tw o  typ es o f constituents.
T h e  w i d e  d i s t r i b u t i o n  o f  h a r m a n , a c c o m p a n y i n g  
m o n o te rp e n o id  in d o le  a lk a lo id s  h as b een  n oted in  R u b ia c e o u s  
p l a n t s . 8 1 *82  In som e plants, lik e O .  j a p ó n i c a , the c o e x iste n c e  o f  
sim p le P -c a rb o lin e s  w ith  th eir co rre sp o n d in g  g lu c o in d o le  alk aloid s  
has b een  d em o n strated , e .g . harm an and p a lin in e  in P a l i c o u r e a  
a l p a 8 3 , an d 3 -m e th o x y c a r b o n y lh a r m a n 8 4 , and d e s o x y c o r d ifo lin ic
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ac id85 in Nauclea diderichii. Hence, Aimi and his group proposed a 
new mechanism for harman formation which operates, probably 
secondarily, in Ophiorrhiza  and other related Rubiaceous plants. It 
is based on the observed facile fragmentation of some (3-carboline
type monoterpenoid glucoindole alkaloids induced by enzymatic 
cleavage of the glucosidic bonds.
This mechanism for the formation of harman presents a 
striking contrast to the normal biosynthetic pathway of the harman 
class of alkaloids, in which a two-carbon unit (C1-C 10) originates 
from acetate or pyruvate and the remaining part comes from 
try p to p h a n  1 9  through tryp tam ine 2 0 , as proven in 
Zygophyllaceae, Elaeagnaceae, Passifloraceae and other plant 
fam ilies.86
L y a lo s id ic  A c id  
1 0 - H y d r o x y I y a l o s i d i c  A c id  
L y a l o s i d e
a c e ta te  b u ffe r
e m u l s i n pH 4.7
at 3 7 ° C
t
t
H a rm a n  o r 10 -H y d r o x y h a r m a n
2 5
In 1989, Aimi and his group reported the isolation of two 
novel glucosidic alkaloids, pumiloside 50 and deoxypumiloside 51 
from O. pumila.%1 These alkaloids are related in structure to 
cam ptothecin  4 0 and have previously been suggested to be 
plausible interm ediates in cam ptothecin biosynthesis.88 Their 
isolation therefore had shed light over camptothecin formation 
process in living plants.
O
It is interesting to note that O. pumila , which also contain 
camptothecin, showed no trace of harman 10, lyaloside 44 and 
other member of p-carboline derivatives which were found in other 
species of Ophiorrhiza.
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After Aimi's reported isolation of pum iloside 5 0 and 
deoxypum iloside  5 1 , a joint research group by Smith Kline 
Beecham and a group at Virginia University reported the presence 
of pumiloside in Camptotheca acuminata,89
Because of the interesting findings in O. pumila, Aimi and his 
group continued their study on the said plant. This, eventually led 
to the isolation of the first natural glycocamptothecin alkaloid 
named chaboside 5 2 9  ̂ This compound carries 2 oxygen atoms on 
the ring A. Recently, synthesis of camptothenoid glycosides were 
reported91 and these were found to be pharmacologically active.
From the same plant, a new ionone glucoside, inamoside 53, 
related in structure to Blumenol A, was obtained.92
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2.1.4 O p h i o r r h i z a  A c u m i n a t a  L innaeus (Rubiaceae)
O p h i o r r h i z a  a c u m i n a t a  , cod e R E B  0 3 4 ,  w a s identified by M rs. 
R o se  M a d u lid  and D r. D o m in go  M ad u lid  fro m  the N atio n al M u seu m , 
P h ilip p in e s. T h is  w a s  c o lle c te d  in 1 9 8 8  in the fo rest o f  n orthw est 
P a la w a n  near P o rt B arton  fa cin g  the C h in a  S e a  during alk aloid  field  
scre e n in g  co n d u cted  b y  the U n iv e r s ity  o f  Sa n to  T o m a s R e se a rch  
C en tre at the Islan d o f  P a law an . A  herbarium  specim en  o f the plant 
is kept at the U n iv e rsity  o f  San to  T o m a s R e se a rch  C en tre, M a n ila, 
P h ilip p in e s .
O .  a c u m i n a t a , l o c a l l y  k n o w n  as P a y a n g - p a y a n g - g u b a t
(T a g a lo g ) or m on go o se plant (E n g lish ) is found from  the B ataan  and 
B a b u y a n  Islan d s and northern L u z o n  to P a la w a n  and M in d an ao , in 
th ick ets and fo re sts  at lo w  altitu d es. It a lso  o ccu rs in In d ia  to 
M a la y a .
N o  c h e m ica l exam in atio n  on this plant has been reported in 
the lite r a tu r e  to d a te . T h is , to g e th e r w ith  the is o la tio n  o f  
b io lo g ic a lly  a c t iv e  a lk a lo id s  fro m  this g e n u s, p ro m p ted  us to 
undertake a detailed ch em ica l study o f this plant.
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S c h e m e  6 . F lo w c h a r t  fo r  the F r a c tio n a tio n  a n d  Iso la tio n  
o f O. a c u m i n a t a  A lk a lo id s .
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2 . 2  R E S U L T S  A N D  D I S C U S S I O N
Ophiorhhiza acuminata leaves, 149.9 g, yielded 11.94 g of 
ethanolic extract. The crude ethanolic extract was fractionated by 
sequential solvent extraction which led to a hexane-soluble oil 
fraction, a chloroform-soluble fraction, and a green resinous EtOH 
fraction. Alkaloid extraction on the semi-purified ethanolic 
fraction was achieved following a standard acid-ether extraction 
procedure shown in Scheme 6 . Repeated chromatographic 
purifications gave three alkaloids, harman, lyalosidic acid and 
Oa-4A-2.
2 . 2 . 1  T e r t i a r y  A l k a lo i d ,  O a - 3 A  ( H a r m a n )
Oa-3A was obtained as light yellow crystals on
recrystallisation from chloroform, m. pt. >195°(dec). The UV 
spectrum in CH3OH showed absorption indicative of a highly 
conjugated system, X 348.4, 335.2, 287.6, 235.6, 217.4 nm. The 
infrared spectrum showed a weak absorption for the NH group of 
the indole ring. The HREIMS gave a mlz  at 182.0829 consistent 
with C12H 10N 2 indicating that the compound contained 9 double 
bond equivalents. Therefore, the molecule was clearly aromatic 
as evidenced from the 1 ff NMR spectrum which showed 6 
aromatic protons, one exchangeable proton (D2O) and a methyl 
singlet. These data suggested that the structure of Oa-3A was
Table 2. *H and 13C NMR Assignments for 0a-3A  [CD3O D , 
referenced at 53.35 (lH) and 549.0 (13C)].




5 138.8 8.36 (1H, d, 5.2Hz)
6 112.9 7.76 (1H, d, 5.2Hz)
7 128.2
8 121.8
9 122.1 8.12 (1H, dd, 8.0Hz)
1 0 120.2 7.31 (1H, ddd, 8.0, 2.0Hz)
1 1 128.3 7.54 (2H, m)
1 2 111.5 7.54 (2H, m)
1 3 140.0
14 20.2 2.83 (3H, s)
NH 8.65 (1H, s)
a assigned by comparison with referenced to W elti.9 4 
b assigned by selective ID decoupling experiments and by
comparison with those from the literatures.96-98
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that o f  harm an 1 0  fo r w h ich  detailed 1 3 C  N M R  data h ave been  
reported b y  W e lti93 using the 2 -D  I N A D E Q U A T E  N M R  technique. 
M o re  re ce n tly , harm an has been used as a m odel com pound to 
in v e stig a te  a 1 - D  in verse  detection m ethod fo r the m easurem ent 
o f  lo n g -r a n g e  h e te r o n u c le a r  c o u p lin g s  ( S e l e c t i v e  I n v e r s e  
M u lt ip le  B o n d  A n a l y s i s ) . 94 Proton and 1 3 C  N M R  data fo r our 
isolated harm an, O a -3 A , are sum m arised in T a b le  2  and serve as 
m odel data in the assignm ents o f other O. a c u m i n a t a  a lk alo id s. 
H a rm a n  1 0  o cc u rs  w id e ly  in p lan ts and has been p re v io u sly  
iso la te d  fro m  an oth er sp e c ie s  o f  the g en u s O p h i o r r h i z a , 
O. j a p ó n i c a 11 .
2.2.2 Isolation and Structure Elucidation of Glucoindole 
A lk a lo id s
P re lim in a ry  p u rificatio n  o f the aqueous fractio n  w a s done 
b y ion exch an ge chrom atography using D O W E X  5 0  w h ich  yielded  
a b ro w n  verm icu lite -lik e  solid  lab elled  as O a -W S , 5 4 0  m g. T h e  
T L C  ch ro m ato gram  [ C l 8 T L C  plate, n -B u ta n o l:A c e tic  A c i d i ^ O  
( 4 :2 : 1 ) ]  sh ow ed a m ajor band w ith R f= 0 .6 8  that g a v e  a p o sitive  
colou ratio n  w ith  D ra g e n d o rff reagent. T h is sam e com pound also  
g a v e  a p o sitiv e  resp o n se (v io le t co lo u ratio n ) w ith  a - n a p h t h o l -  
su lfu ric acid  in d icatin g the presen ce o f a su gar in the m olecule. 
T h e U V  spectrum  in C H 3 O H  o f O a -W S  g ave an absorption identical 
to that o b tain ed  fo r  O a - 3 A  su g g e stin g  a s im ila r ity  in the 
m o le c u la r  c h ro m o p h o re . T h e s e  d ata  s u g g e ste d  a g ly c o s id e  
d e riv a tiv e  o f  the iso lated tertiary alk aloid , harm an.
O ther ch ro m ato grap h ic m ethods tested to iso late and p u rify  
the c o n stitu e n t g ly c o s id e s  in c lu d e d  H ig h  P re ss u re  L iq u id  
C h ro m a to g ra p h y  ( H P L C )  and G e l F iltra tio n  (g e l p erm eatio n )
3 0
C h ro m a to g ra p h y . R e v e rs e d  P h a se  H P L C  u sin g  g ra d ien t elu tion  
w ith  a ce to n itrile  or m eth an o l in w a te r p ro v e d  to be a better 
s o lv e n t  s y s te m  fo r  is o la t in g  the g ly c o a lk a lo id s .  P re lim in a ry  
p u rific a tio n  b y  g e l p erm eatio n  ch ro m a to g rap h y  w h ic h  w o rk s on 
the p rin c ip le  o f  m o le c u la r s ie v in g  u sin g  S e p h a d e x  L H - 2 0  w ith  
elu tion  w ith  either H 2 O or C H 3 O H  a ffo rd e d  the g ly c o a lk a lo id s  
b ased  on th eir o b se rv e d  U V  ab so rp tion  sp ectra  and * H  N M R  
spectra. D eta ils  o f these p u rificatio n  m ethods are in cluded in the 
e x p e rim e n ta l se ctio n .
E v e n t u a lly  c o m b in e d  g e l p erm eatio n  ch ro m a to g ra p h y  and 
H P L C  w e re  used to iso late and p u rify  the w ater soluble alkaloid. 
T h e  O a -W S  w a s ch rom atograp h ed tw ice  on Sep h ad ex L H - 2 0  w ith  
C H 3 O H . T w o  separate bands w ere  obtained: one a y e llo w  and the 
o th er a p a le  b ro w n  c o lo u re d  b an d . B o th  g a v e  U V  sp e ctra  
con sisten t w ith  a (3-carbolin e rin g  system . P re p a ra tiv e  thin la y e r  
ch ro m ato grap h y ( P T L C )  on S G F 254  developed in 7 5 %  C H 3 O H /H 2 O 
a ffo rd e d  tw o  g ly c o a lk a lo id s , a m a jo r one ( 3 9 . 1 2  m g ) w h ic h  
appeared as a b righ t blue band under U V  ligh t at 2 5 4  and 3 6 5  
nm  and a m in or g ly c o a lk a lo id  ( 2 0 .7 5  m g ) ab so rb in g as a dark  
b lu e band at U V 2 5 4 . P u rific a tio n  o f  th ese iso la te d  g ly c o s id ic  
a lk a lo id s w a s  a ch ie v e d  b y  H P L C  on a re v e rse d  ph ase colu m n. 
T w o  a lk alo id s w ere  eluted w ith  6 0 %  C H 3 O H / H 2 O at 1 .0  m l/m in  
w ith  U V  detection at 2 5 4  nm . T h e  first alk aloid , lab elled  as O a- 
4 A - 1 ,  e lu ted  a fte r 5 .8  m ins and the seco n d  alk a lo id , O a - 4 A - 2 ,  
w ith  retention tim e o f 6 .2 5  m in.
T a b le  3 .  A ccu ra te  M ass M easurem ents o f 0 a - 4 A - l  Fragm en t Ions 




B o n d
E q u iv a le n t
P o s s ib le
F r a g m e n t
I o n s
5 1 3 . 1 8 7 6 0 0
( 5 1 3 . 1 8 7 3 0 6 )
C 26H 29N 2O 9 1 3 .5 M + +  H
3 0 7 . 1 4 4 9 0 0
( 3 0 7 . 1 4 4 6 5 3 )
C 19H 19N 2O 2 1 1 . 5 M H -C O 2 -
C 6H 10O5
2 8 9 . 1 3 2 5 0 0
( 2 8 9 . 1 3 4 0 8 8 )
C 19H 17N 2 0 1 2 .5 M H -C O 2 -
C 6H 12O 6
2 6 3 . 1 1 7 5 0 0
( 2 6 3 . 1 1 8 4 3 8 )
C 17H 15N 2O 1 1 . 5 M H -C O 2 -
C 6H 120 6 -C 2H 2
2 1 9 . 0 2 1 9 7
( 2 1 9 . 0 9 2 2 2 3 )
C 1 5 H 1 1 N 2 1 1 . 5
1 8 2 . 0 8 4 3 0 0
( 1 8 2 . 0 8 4 2 9 8 )
C 12 H 10N 2 9.0 [H a rm a n e ]+ *
3 1
2 . 2 . 2 . 1  S t r u c t u r e  E lu c id a t io n  o f  O a - 4 A - l
0  a - 4 A - 1
The major alkaloid, Oa-4A-l, was obtained as a pale yellow 
amorphous solid, and appeared as a bright blue band on tic 
under 254 and 365 nm UV light. The UV spectrum in CH3O H 
showed absorbance at 351.4 nm. These data, which were 
identical with those for Oa-3A strongly indicated a highly 
conjugated system arising from n->7iand k-->k* transitions and are 
clearly consistent for a (3-carboline ring system in the molecule. 
A violet colouration with a -n ap h th o l-H 2S O 4 upon heating was 
observed indicating the presence of a sugar unit. LRFABMS in 
glycerol gave a mlz  at 512. A mlz  of 513.1876 (M + H) was 
observed by HRDCIMS (High Resolution Desorption Chemical 
Ionisation Mass Spectrometry). This established the molecular 
formula of C26H 29N 2O 9 with 14 double bond equivalents. T he 
fragm ent ions were measured by scanning HRDCIMS with 
possible elemental compositions presented in Table 3. The base 
peak was observed at 351 which may arise to MH-162 (hesoxyl) 
fragmentation. After accounting for the hexose and harmane in
p p m
1
Figure 2. NMR Spectrum  of 0a-4A-l [CD3OD, referenced at 53.35].
3 2
the c o m p o u n d , the re sid u a l p o rtio n  o f  the m o le c u le  has a 
co m p o sitio n  o f  C 8H 8O 3 . T h ere w a s a strong tendency to lose C O 2 
fro m  th is p o rtio n  o f  the m o le c u le  as e v id e n c e d  b y  io n s  
c o rre sp o n d in g  to M H -h e x o s e -C C >2 at m/e 2 8 9  in the D C I  spectrum  
and to a le sse r  exten t in the M S / M S  sp ectru m . T h e  M S / M S  
spectru m  also  sh o w ed  the lo ss o f  1 8  m ass unit correspo n din g to 
loss o f H 2 O , fo llo w e d  b y  decarb o xylatio n  (M +  - C O 2 ). T h is, being a 
ty p ica l fragm en tatio n  p ro cess fo r a c a rb o x y lic  acid.
T h e  * H  N M R  sp ectru m  in C D 3 O D  (F ig u re  2 )  sh o w ed  7  
a r o m a tic  p ro to n  re so n a n c e s s im ila r  in pattern  to O a - 3 A ,  and 
c o m p le x  sig n a ls at 5 3 .0 - 4 .0  ppm  arisin g  fro m  the su gar proton  
s ig n a ls .
S tru ctu re  e lu cid atio n  o f O a - 4 A - l  w a s attem pted fo llo w in g  
the u su a l p ro c e d u re  fo r  g ly c o s id e  id e n tific a tio n , that is , to 
h y d r o ly s e  the m o le c u le  into its a g ly c o n e  and its su g a r unit. 
E n z y m e  h y d ro ly sis  w ith  (3-glu co sid ase is the m ost com m on  w a y  
o f c le a v in g  o ff  the sugar unit to y ie ld  the aglyco n e.
E n z y m e  h yd ro ly sis  o f  O a - 4 A - l  w ith  P -g lu c o sid a s e  p ro v id e d  
so m e in terestin g resu lts. T h e  y e llo w  reactio n  m ixtu re at pH  5 .0  
ra p id ly  ch an ged  to a p in k -co lo u red  solution w h ich  darkened w ith  
tim e. A ft e r  w o rk  up, tw o  reaction  products w ere o b served on tic 
( S G F 2 5 4 , C H 3 O H , U V 254  and D ragen d o rff) w ith a bright blue band 
at R f = 0 .5 3  re sp o n d in g  p o s itiv e ly  w ith  D ra g e n d o rff reagen t. N o  
tra c e  o f  the sta rtin g  m a te ria l w a s  o b se rv e d . T h e  iso la te d  
h y d r o ly s is  p ro d u c t c o -c h ro m a to g ra p h e d  on tic  w ith  stan dard  
harm an 1 0  and both its *H  N M R  spectrum  and M S  fragm en tation  
w e r e  id e n tic a l w ith  h arm an  1 0 .  S im ila r  o b s e r v a tio n s  w e re  
o b ta in ed  w h e n  the e n z y m a tic  h y d r o ly s is  w a s  c a rrie d  out in 
a c e ta te  b u ffe r  ( 0 .2  M , p H  5 .0 ) .  T h e s e  re su lts  w e re  v e r y
T a b le  4 . 13C NMR Assignments of 0a-4A -l Sugar in Comparison 
with the Literature Values.76
6 ’ H
Carbon Oa-4A-l (3-anomer a-anom er
1 8101.1 597.1 593.3
2 575.4 575.6 573.1
3 578.7 577.3 574.4
4 572.4 571.2 571.2
5 579.2 577.3 572.9
6 563.7 562.4 562.4
3 3
interesting since initially harman was not expected to be isolated 
as the hydrolysis product of Oa-4A -l. However, the enzyme 
hydrolysis proved that the aglycone after hydrolysis, could 
further breakdown into several products of which harman is the 
major product. Since Oa-4A-l has a p-carboline ring system, it 
seemed probable that the molecule could be a glycoside 
derivative of harman.
The sugar unit was identified by comparison on tic with 
different standard sugars and by its *H and 13C NMR chemical 
shifts. The freeze dried isolated sugar co-chromatographed on tic 
with glucose and galactose. Based on most glucoindole alkaloids 
reported in the literature, glucose was the most likely sugar unit. 
The *H NMR spectrum of Oa-4A-l (Figure 2) strongly supports 
glucose for its chemical shifts correlates well with those in the 
literature thus eliminating galactose.95 The doublet at 54.78 (1H, 
JlO.Hz) was assigned to the p-anomeric proton of glucose. The 13C 
NMR assignments of O a-4A -l, shown in Table 4, are also 
consistent for the p-anomer structure of D-glucopyranose unit.96.
The detailed proton NMR assignments for glucose will be 
discussed later in relation with the analyses of the intact 
molecule using 2-D NMR techniques.
The above results established that the two following 
fragments below were found to be part of the Oa-4A-l molecule.
F r a g m e n t  A
Z
 I
L y a lo sid e 44
3 4
At this stage, it appears that Oa-4A-l is most likely to have 
the same structure to a monoterpenoid indole alkaloid, lyalosidic 
acid 45, isolated from Ophiorrhiza japónica  by Aimi and his 
group in 1986.79
Lyalosidic acid was not fully characterised by Aimi et al as 
only its 13C NMR data were reported in the literature. He 
prepared the methyl ester of lyalosidic acid and compared it 
with the known compound lyaloside 44 previously isolated by 
Levesque from Pauridiantha lyalii (Rubiaceae).97 Up until 1982, 
lyaloside was the only known representative of a structural 
family chracterised by a sequence: alkaloid-monoterpene-sugar 
(C 6-C 3) acid* Unfortunately, Aimi did not indicate in the paper 
what physical methods he used for comparison. Subsequently, 
through personal communication he advised us that he compared 
the *H and 13C NMR data of his sample to those of lyalosidic 
which he acquired from Prof. Cave. These incomplete data 
reported in the literature for lyalosidic acid prompted us to carry 
out full characterisation of Oa-4A-l and to look carefully at its 
stereochemistry. The important questions to address were: Is 
Oa-4A-l identical to lyalosidic acid? and how do the and 13C
T a b le  5  ^H and N M R  D ata for 0 a - 4 A - l  [C D 3 O D , referenced at 
3 .3 5  O H ) and 49 .0  ( 1 3 C ) ]
C a rb o n *H , 5  (m ultiplicity, integration, J  in H z )a 13 C , 5b
2 1 3 6 . 8
3 1 4 6 . 6
5 8 . 1 9 / 8 . 1 8  (m,  2 H) 1 3 7 . 1
6 7 .9 8  (d, 1H , 5 .6 H z ) 1 1 4 . 1
7 1 3 1 . 2
8 1 2 3 . 1
9 8 . 1 9 / 8 . 1 8  (m, 2 H) 1 2 3 . 5
1 0 7 .2 8  (t, 1H , 8.0H z) 1 2 1 . 6
1 1 7 .5 9  (t, 1H , 7 .0  H z) 1 3 0 . 6
1 2 7 .7 4  (d, 1H , 8.0H z) 1 1 4 . 1
1 3 1 4 3 . 6
1 4 3 .7 1  (dd, 1H , Hz), 3 . 1 8  (dd, 1H , H z) 3 6 . 6
1 5 3 .5 7  (m, 1H ) 3 7 . 8
1 6 1 1 5 . 4
1 7 7 . 4 1  (s, 1 H) 1 5 1 . 4
1 8 4 .9 1  (d, 1H , 17 H z ), 4 .8 3  (d ,lH ,10 .0 H z ) 1 1 9 . 4
1 9 5 .9 2  (ddd, 1H , 17 .0 ,10 .0 ,9 .0 H z ) 1 3 7 . 2
2 0 2 .6 4  (m, 1H ) 4 7 . 2
2  1 5 .6 5  (d, 1H , 7 .0 H z) 9 7 . 9
r 4 .7 7  (d, 1H , 8.0H z) 1 0 1 . 0
2 ’ 3 .2 0  (t, 1H , 8.0H z) 7 5 . 4
3 ' 3 .2 5  (t, 1H , 9.0H z) 7 8 . 7
4 ’ 3 .4 0  (t, 1H , 9.0H z) 7 2 . 4
5 ’ 3 . 3 2  (qt, 1H , 9 .0H z) 7 9 . 2
6 ’ 3 .7 4  (m, 1H ), 3 .9 2  (dd, 1H , 12 H z ,1 .0 H z ) 6 3 . 7
2 2 1 7 0 . 0
a assigned based on 1-D and 2-D NMR Experiments.
b assigned by DEPT 135 and by comparison with Aimi's reported data as 
well as the 2-D inadequate data for harman reported by W elti.9 3
NMR data of 0a-4A -l fit the structure of lyalosidic acid proposed 
by Aimi?
Several model compounds were synthesised in the hope of 
establishing a basis for comparison of the proton signals of 
Oa-4A-l. This synthetic aspect of the work will be discussed 
towards the later part of this chapter.
It was clear that there was insufficient Oa-4A-l for 
structure elucidation by chemical methods. With the rapid 
development of NMR spectroscopy, this technique has become a 
powerful tool for the structure elucidation of secondary 
metabolites which are often, as not, obtained in milligram 
quantities. Thus, utilisation of physical methods in particular 
NMR spectroscopy, was used to elucidate fully the structure of 
Oa-4A-l. Table 5 presents the summary of the and 13C NMR 
assignments for Oa-4A-l.
Several 1-D and 2-D NMR techniques were utilised in 
further structure analyses of Oa-4A-l with a closer look at the 
C g H g Os u n i t  which the mass spectrum suggested contained a 
-COOH unit.
The 1H NMR assignments for the (3-carboline unit of the 
m olecule was established from the combined information 
obtained from 1-D selective decoupling experiments and the 2-D 
lH - iH COSY98’99 experiment. A two spin (H-5 and H-6) and a 
four spin system (H-9, -10, -11, -12) were observed from the 
aromatic region of the NMR spectrum (Figure 2) in Oa-4A-l. 
The overlapping resonances at 88.19/8.18, integrating for 2H, 
were assigned to H-5 and H-9, respectively. These overlapping 
signals showed COSY crosspeaks (Appendix 2) to the doublet 
signals at 87.98 (J5.6 Hz) assigned to H-6 and the triplet signal at
3 6
57.28 assigned to H-10. Furthermore, this signal at 57.28 showed 
a COSY crosspeak to the signal at 57.58 (H- l l )  which showed 
connectivity to the doublet signal at 57.75 (H-12). The singlet at 
57.38 (H-17) was assigned to an isolated olefinic proton in the 
C8H 8O3 fragment.
The analyses of the C8H 8O 3 unit started off with the ddd 
signal at 55.92 (H-19) which showed crosspeaks to the signals at 
54.83 (1H, JlO.OHz,), 54.89 (1H, J17.0Hz) and the multiplets at 
52.64 (H-20). Both the doublet signals at 54.89 (H-18) and 54.83
(H-18) showed COSY crosspeaks only between each other and to 
the signal at 55.92 for a three spin system. The 17.0Hz coupling 
between 55.92 and 54.89 and the 10.0Hz coupling between 55.92 
and 54.83 are typical for a vinylic group. Together with the 
multiplet at 52.64, the signals at 55.92, 54.89 and 54.83 comprise 
an AA'BX spin system.
The multiplet at 52.64 (H-20), integrating for one proton 
showed crosspeaks to the doublet signal at 55.65 (H-21) and to 
the multiplets at 53.51 (H-15). This one proton signal at 53.51 
showed a further COSY crosspeak to the overlapping resonances 
centered at 53.18. The anomeric proton at 54.77 (d, 1H, J8.0Hz, 
H -l') showed a COSY crosspeak to the overlapping signals at 
53.18-3.44.
The region between 3.18-3.44 arose from the resonances of 
mutually coupled protons that have closely similar chemical 
shifts. In the COSY spectrum, the crosspeaks of these protons 
appeared very near the diagonal line and was obscured by 
overlap of the diagonal line. In our case, the CH3OH signal from 
the solvent at 53.35 contributed to the difficulty in assigning the 
spin systems involved in the region 53.18-3.44. It is with this
Figure 3. Double-Quantum Filtered (DQF) COSY NMR Spectrum 
of Oa-4A-l [400 MHz, CD3OD, referenced at S3.35].
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ty p e  o f  p ro b le m  w h e re  o n e o f  the sh o rtco m in g s o f  the i H - 1 ! !  
C O S Y  N M R  exp erim en t is  pronou n ced.
F u rth e r im p ro v e m e n t th o u gh  ca n  b e  a c h ie v e d  w ith  the u se  
o f  th e s o -c a lle d  d o u b le -q u a n tu m  filte r e d  p h a s e -s e n s it iv e  C O S Y
2 - D  N M R  tech n iq u e. D o u b le  Q uantum  F ilte re d  l H - ! H  C O S Y  (D Q F  
C O S Y )  f i l t e r s  th e  m a g n e t is a t io n  th ro u g h  d o u b le  q u a n tu m  
t r a n s it io n s  a n d  h e n c e  f i l t e r s  o u t s in g le  s ig n a ls  in  th e  
s p e c t r u m . 1 0 0 , 1 0 1  T h e  la rg e  -O H  re so n an ce  in C D 3 O D  is th ereb y  
m in im is e d  an d a c le a n e r  sp e c tru m  re s u lts . T h e  D Q F  C O S Y  
sp e c tru m  o f  O a - 4 A - l  ( F ig u r e  3 )  w a s  a c q u ire d  in the p h a s e ­
se n s itiv e  m o d e  le a d in g  to a b etter re so lu tio n  co m p a re d  w ith  the 
ab so lu te  v a lu e  C O S Y  sp ectru m
T h e  d o u b let at 8 3 .9 2  ( 1 H ,  J 1 2 . 0 H z ,  H - 6 ')  sh o w e d  C O S Y  
c ro ss p e a k  to the o v e rla p p in g  s ig n a ls  at 8 3 . 7 1 / 3 . 7 4  ( H - 6 ', H - 1 4 )  
w h ic h  w a s  esta b lish e d  to b e 8 3 .7 4  (d , 1 H ,  J 1 2 .0 H z ) .b y  s e le c tiv e  
d e c o u p lin g  e x p e rim e n t F u rth e rm o re , the s ig n a l at 8 3 .9 2  ( H - 6 ')  
w a s  co u p le d  to 8 3 . 3 2  ( H - 5 ')  w h o se  c ro ssp e a k  w a s  still o b scu red  
b y  o th er p ro to n  re so n a n c e s  aro u n d the re g io n . T h e  d o u b le t at
8 3 . 7 1  ( H - 1 4 )  sh o w ed  c o n n e c tiv ity  w ith  the sig n a l at 8 3 . 1 8  ( H - 1 4 )  
and 3 . 5 1  ( H - 1 5 ) .  T h e  1 2 H z  c o u p lin g  fo r  the sig n a ls  at 8 3 .7 4  and
8 3 . 7 1  are  ty p ic a l o f  a v ic in a l c o u p lin g  fo r p ro to n s that h a v e  a 
f ix e d  c o n fo rm a tio n . F r e e ly  ro tatin g v ic in a l p ro to n s sh o w  co u p lin g  
c lo se  to 7 H z . 96 F ro m  all the co rrelatio n s obtained fro m  the C O S Y  
and D Q F  C O S Y ,  fragm en ts B  and C  w e re  established.
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Figure 4. Triple-Quantum Filtered (TQF) COSY NMR Spectrum 




F r a g m e n t  B  F r a g m e n t  C
The 3-spin systems for H-5' and H-6\  H-19 and H-18 and 
H-14 and H-15 were all confirmed using Triple Quantum Filtered 
COSY (TQF COSY).104 This 2-D NMR technique eliminates not only 
the singlets but all AB and AX systems producing a much simpler 
spectrum of only three spin system. Figure 4 shows the TQF COSY 
of Oa-4A-l.
The TQF COSY spectrum (Figure 4) showed distinctly the
3-spin system for H-19, H-18cis and H-18trans. These are 
marked with dotted lines on the spectrum. The doublet at 53.92 
(H-6?) showed a crosspeak to the signal at 53.74 which showed a 
crosspeak with 53.32 (H-5f). The H-14 proton at 53.71 correlated 
with the triplet at 53.18 which also showed a crosspeak with the 
53.51 m ultiples
However, after the COSY, DQF and TQF COSY experiments, 
the connectivity for H-4' and H-3' of the sugar moiety and H-17 
and H-21 of the CgHs03 unit were still not clear.
Another 2-D NMR experiment that compliments all of the 
above 2-D experiments is Relay COSY (RCOSY).102 This provides 
1H -!H  correlation beyond a pair of directly coupled spins to the 
next nearest neighbour through transfer or relay magnetisation. 
Eich, Bodenhausen and E rn s tl° 3 have been credited for the
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Figure 5. Relay COSY (RCOSY) NMR Spectrum of Oa-4A-l 
[400 MHz, CD3OD, referenced at 53.35],
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o rig in a l c o n c e p t o f  re la y e d  c o h e re n c e . A  R C O S Y  e x p e rim e n t o f  
O a - 4 A - l  is sh o w n  in F ig u re  5 .
In te rp re ta tio n  o f  the R C O S Y  sp e c tru m  is fa c ilita t e d  b y  
co m p a riso n  w ith  the C O S Y  sp ectru m . T h u s, it is v e ry  im portant to 
a cq u ire  in itia lly  a C O S Y  sp ectru m  b e fo re  a R C O S Y .  T o  fa cilita te  
e a s y  a n a ly s is ,  th e a d d itio n a l c r o s s p e a k s  a re  e n c ir c le d  on the 
R C O S Y  spectrum  sh ow n  in F ig u re  5 .
T h e  R C O S Y  sp ectru m  co n firm e d  the proton assig n m en ts fo r  
fra g m e n ts  B  and C . T h e  d o u b let at 6 5 .6 5  ( H - 2 1 )  o n ly  sh o w e d  
re la y  c ro ss p e a k s  to 6 5 .9 2  ( H - 1 9 )  and 8 3 . 5 1  ( H - 1 5 )  w h ic h  a g reed  
w ith  its a ssig n m e n t in fra g m en t C  fo r a m ethine proton ad jacen t  
to o x y g e n . H - 1 5  did  not sh o w  a n y  other R C O S Y  cro ssp ea k s other 
than th o se  o b s e r v e d  fro m  the D Q F  an d T Q F  C O S Y  sp e c tra  
S u m m a ry  o f  R C O S Y  co rrelatio n s at the C  g H  8 O 3 unit are illustrated  
in  F ig u r e  6 .
H
F ig u r e  6 . R C O S Y  N M R  C orrelations in the C g H g 0 3  unit o f  O a - 4 A - l .
40
The anomeric proton of the sugar unit at 54.77 (H -l')  
showed relayed crosspeaks to the signal at 53.25 (H-3’) which in 
turn showed a relayed crosspeak to H-5'. The observed relay 
crosspeak between H -6 ’ protons at 53.95 and 53.74 to the 
overlapping resonances at 53.36-3.44 suggested that the 
chemical shifts for H -5’ and H-4’ were similar to each other. 
After a closer look at the expanded spectrum and selective 
decoupling experiment in which 53.32 (H-5') was irradiated the 
signal centred at 53.40 corresponded to H-4'.
At this stage, it is most likely that C-17 is attached to the 
oxygen adjacent to C-21 to form the monoterpenoid unit of 
Oa-4A-l with the -COOH group attached to C-16.
Other 2-D scalar NMR techniques such as Double Relay COSY 
(2RCOSY) and TOCSY were used primarily to confirm the 1H 
assignm ent for the monoterpenoid ring and the sugar unit. 
Double Relay COSY NMR spectroscopy or a 2RCOSY102 experiment 
involves the transfer of magnetisation beyond four bonds. The 
2RCOSY spectrum (Appendix 2) was obtained for Oa-4A-l with a 
Tm of 30 ms. A summary of the 2RCOSY correlations are 
presented in Figure 7.
F ig u r e  7. 2RCOSY NMR Correlations for the C8H 8O3 unit of
Oa - 4 A - l .
4 1
T h e  last o f  the 2 - D  sca la r correlatio n  experim en ts that w as  
acq u ired  w a s T O C S Y  or T o ta l C o rrelatio n  S p e c tro sc o p y . 104  A s  the 
n am e im p lie d , this te ch n iq u e  p ro v id e s  the o veraH  co rre la tio n  
b e tw e e n  p ro to n s in the m o le c u le . T h e  T O C S Y  sp ectru m  fo r  
O a - 4 A - l  (A p p e n d ix  2 )  w a s acquired w ith  a m ixin g tim e o f 7 5  ms 
s h o w in g  a d d itio n a l in fo r m a tio n  a r is in g  fro m  th e T O C S Y  
c o rre la tio n s. T h e  c o rre la tio n  b e tw een  H - 2 1  and H - 1 4  proton s  
( 5 3 .7 1  and 5 3 . 1 8 ) ,  not observed in the R C O S Y  and 2 R C O S Y  spectra,
w a s  v e r y  d istin c t in the sp ectru m . F u rth erm o re, the an om eric  
proton sh o w ed  cro ssp eak s arisin g  fo r all the other su gar protons, 
H -2 ', H -3 ',  H -4 ', H -5 ' and H -6 '. T h u s, from  the T O C S Y  spectrum , all 
the su gar reso n an ces w e re  assign ed  u n e q u iv o ca lly .
F ro m  the ab o ve  an alyses o f the 2 -D  scalar N M R  techniques 







O a - 4 A - l
F i g u r e  8 . L y a lo s id e ,  1 5 a ,  2 0 ß , 2 1 a
4 2
T o  estab lish  the lin k ag es b etw een  the 3  m ajo r fragm en ts o f  
the m o le c u le , that is , the p -c a rb o lin e  rin g  sy s te m , the su g a r  
m o ie ty  and the m o n o terp en o id  unit, d ip o la r co rre la tio n s w e re  
u tilise d ; i.e ., in teractio n s though sp ace. D iffe re n c e  n O e (n u clear  
O v e rh a u s e r  e ffe c t )  s p e c tro sc o p y  and a 2 - D  N O E S Y  (N u c le a r  
O v e rh a u se r  E n h a n ce m e n t Spectroscopy) 10 5  sp e ctro sco p y  sh o w ed  
a d ip o la r  in te ra ctio n  b e tw e e n  H - 2 1  and H - T  e sta b lish in g  the 
lin k a g e  b e tw e e n  the m o n o terp en o id  unit and the su g a r. T h e  
stru ctu re  o f  O a - 4 A - l  w a s  thus esta b lish e d  to h a v e  the sam e  
stru ctu re as ly a lo sid ic  acid  4 5  alth ou gh  its stereo ch em istry  has 
y e t to be add ressed.
A s  m en tion ed  ea rlie r, A im i did not p ro v id e  e v id e n c e  to 
c o n fir m  the ste re o c h e m istry  at C - 1 5 ,  C - 2 0  and C - 2 1 . T h e  
assig n m e n ts w e re  b ased  on co m p ariso n  w ith  those fo r ly a lo sid e  
4 4 .  L e v e s q u e  argu ed  that the stereo ch em istry  o f  ly a lo sid e  4  4  
based on the co u p lin g  constants J15-20 =  3 .5  H z and J20-21 =  5  H z  
fa v o re d  3  equ ato rial protons in the m onoterpenoid rin g, and thus 
all the b u lk y  susbtituents are a x ia lly  d isp o sed , co rresp o n d in g to 
an a ,  p, a  arran gem en ts fo r H - 1 5 ,  H -2 0  and H - 2 1  (F ig u re  8 ). 
S u b s e q u e n t ly ,  L e v e s q u e 106  corrected his assignm ents to a , a ,  p 
w h ich  w a s m ore lo g ic a l on the basis o f the b iosynth etic origin  o f  
th e m o n o t e r p e n o id  u n it  d e r iv e d  fro m  t r y p t a m in e  an d  
s e c o lo g a n in . T h e  co rre ctio n s w e re  m ade on the b a sis  o f  the 
o b se rv e d  c o u p lin g  con stan ts (Ji5-20 =  3 .5  H z and J20-21 =  5  H z) 
and b y  com p ariso n  o f the 1 3 C  N M R  data o f ly a lo sid e  w ith those 
fo r  th e  ir id o id s  w h ic h  p r o v id e d  c o n fir m a t io n  th at the  
s te r e o c h e m is tr y  o f  ly a lo s id e  at C - 1 5 ,  C - 2 0  and C - 2 1  w a s  
d e fin ite ly  a ,  a ,  p.
4 3
T h e se  am b igu ities and the la ck  o f  evid en ce  in the literature  
re g a r d in g  the ste r e o c h e m is try  o f  ly a lo s id ic  a c id  w e re  n o w  
a d d ressed  fo r  O a - 4 A - l .  S in c e  then w o rk  on m ore sop h isticated  
N M R  m e th o d s h a v e  b een  in tro d u c e d  w h ic h  c o u ld  p r o v id e  
evid en ce  fo r the stereo ch em ical assignm ents at C - 1 5 ,  C - 2 0  and C -  
2 1  o f  ly a lo sid ic  acid . T h e  o b served  co u p lin g  constants, 1 - D  and 
2 -D  nO e experim en ts such as N O E S Y  and R O E S Y  (R o tatin g-fram e  
O v e r h a u s e r  E n h a n c e m e n t  S p e c t r o s c o p y ) ! 0 7 »1 08 p ro v id ed  the 
in form atio n  to estab lish  the stereo ch em istry at the ch iral centres.
H - 1 5  sh o w s a 5 .0  H z co u p lin g w ith  H -2 0  ch aracteristic for  
an a x ia l-e q u a t o r ia l  o r e q u a t o r ia l-e q u a t o r ia l  o rie n ta tio n . A  
co u p lin g constant o f  7 . 2  H z betw een  H - 2 1  and H -2 0  is quite big  
w h en  co m p ared  w ith  the usual l - 5 H z  co u p lin g  ch aracteristic  fo r  
a x ia l-e q u a to ria l or e q u a to ria l-e q u a to ria l re la tio n sh ip s and sm all 
fo r an a x ia l-a x ia l disposition. L a c k  o f W  co u p lin g betw een H - 1 5  
and H - 2 1  fro m  the C O S Y  sp ectru m  su g g e sted  that these tw o  
p ro to n s h a v e  d iffe r e n t  d is p o sitio n s . D iffe r e n c e  n O e sp e c tra  
sh o w e d  en h an cem en t to H - 1 5  ( 5 3 . 5 1 )  w h en  H -2 0  ( 5 2 .6 0 )  w a s  
irrad iated . Irradiation  o f  the sign al at 5 5 .6 5  ( H - 2 1 )  sh o w ed  no 
o b serv ed  n O e onto H -2 0  and H - 1 5 .  T o  obtain m ore c o n c lu siv e  
e v id en ce  to establish  the stereoch em istry at C - 1 5 ,  C - 2 1  and C - 2 1 ,  
2 -D  N M R  experim ents such as N O E S Y  and R O E S Y  w ere used.
A  N O E S Y  sp ectru m  p ro v id e s in fo rm atio n  on d ip o lar or 
sp a tia l re la tio n sh ip s b etw een  p ro to n s. H o w e v e r , o ccu rre n ce  o f  
c ro ssp e a k s  a ris in g  fro m  sc a la r co rre la tio n s are often  o b served  
w h ic h  m a y  led  to m isin terpretation  o f the o b served  cro ssp eak s. 
T h is happens b ecau se the N O E S Y  pulse sequence w a s the sam e as 
the D Q F - C O S Y  aside fro m  the introduction o f Tm. In com parison, a 
R O E S Y  exp erim en t, also  sh ow ed o ccu rren ce o f  cro ssp eak s arising
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from COSY and TOCSY (HOHAHA) coherence transfer however, 
these crosspeaks could be differentiated from the nOe crosspeaks 
since they appeared on the opposite phase from the 
enhancement signal. Thus, the ROESY experiment supports the 
assignments of the NOESY crosspeaks.
Data information obtained from the NOESY and ROESY NMR 
experiments (Appendix 2) showed a strong crosspeak between 
H-15 (83.51) and H-20 (52.60). No observed crosspeak between 
H-20 (82.60) and H-21 (55.65) was evident on either NOESY or 
ROESY spectra. H-21 showed a crosspeak with H-l' (54.77) arising 
from the proximity of this proton with the anomeric proton, 
hence the observed linkage. A strong dipolar correlation was 
observed between one of the H -l4 protons at 53.18 and H-21. 
This suggested a possible half-chair orientation of the terpenoid 
ring. H-19 showed a dipolar interactions with H-15. These 
observed dipolar correlations are all summarised in Figure 9.
F ig u r e  9. NOESY/ROESY NMR Correlations at C-15, C-21
and C-21.
Figure 10. Possible Conformation of Oa-4A-l by Molecular 
Modelling Obtained from the ALCHEMY Program.
4 5
All these data fit well with an a, a, (3 orientation for H-15, 
H-20 and H-21 respectively as illustrated below.
The proposed stereochemistry was verified by correlating 
the observed NOESY and ROESY responses with the bond 
distances between the proton of interest by molecular modelling 
using the ALCHEMY software. The proposed structure of Oa-4A-l 
was fed into the ALCHEMY software and minimisation gave the 
most stable conformation for Oa-4A-l as shown in Figure 10. 
With the obtained conformation, the different bond distances 
between the protons of interest were measured. The comparison 





T a b le  6 . Correlation of the Observed Dipolar Interactions 
(NOESY/ROESY) with the Bond Distances Measured 




HlS - H20 2.347 strong nOe (+++)
H 15-H 21 3.706 no. nOe.(n.o)
H is - H i9 3.755 no nOe (n.o.)
H20 - H21 3.057 no nOe (n.o.)
H21 - H14 2 .583 /3 .866 nOe (+)
H21 - H r 2.542 nOe (+)
(+++) Large nOe (+) Small nOe (n.o) not observed.
There are a number of considerations, both practical and 
th e o re tic a l109 which affect the magnitudes of nOe's. Because of 
these, it was considered impractical to accurately measure nOe 
enhancements. Large or small nOe's were determined by visual 
inspection.
The measured bond distances are in agreement with the 
observed qualitative nOe responses. This establishes the 
stereochemistry of Oa-4A-l to have a relative configuration of 
15 S (a ) , 20R(a) and 21S(p) as shown in proposed structure of 
O a -4 A -l. These observed  ste reo ch em istrie s  correspond
T a b le  7 .  l U N M R C hem ical Shift D ifferences B etw een  O a-4 A -l and 
L y a lo s id ic  A cid  on S e lec ted  P ro to n s  (C D 3 O D , 400  M H z, re fe re n c e d  
relative to CD 3 OD at 83.35).
O a - 4 A - l  L y a l o s i d i c  a c id
H ■ 5 5 8 . 1 9 5 8 ., 2 7
H 6 5 8 . 0 1 5 8 . 1 8
H ■ 9 5 8 . 1 9 5 8 ., 2 7
H 1 0 5 7 . 2 8 5 7  ,. 3 6
H ■ 1 1 5 7 . 5 9 5 7 . 6 7
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reasonably well with the a, a, P stereochem istry  generally 
observed with this type of compounds.
Personal communication with Prof. Norio Aimi enabled us 
to obtain an authentic sample of lyalosidic acid 45 together with 
a recently acquired *H NMR spectrum in CD3OD on their Jeol 270 
MHz NMR spectrometer. On comparison with Oa-4A-l !H NMR 
spectrum, slight chemical shifts differences for some protons 
were observed. Spectra for both Oa-4A-l and Aimi's lyalosidic 
acid obtained on the same Varian 400 MHz spectrometer still 
exhibited the slight chemical shifts differences as presented in 
Table 7.
The proton chemical shifts for Oa-4A-l occured more 
upfield than those for Aimi's lyalosidic acid. However spectra 
acquired using equal concentrations provided identical chemical 
shifts values which cleared up the ambiguity. This, we feel was 
substantial evidence and avoided having to do doing NMR 
experiments where Oa-4A-l was spiked with lyalosidic acid. The 
observed differences in chemical shift may be accounted for by 
interm olecular H-bonding between molecules which is likely 
with the presence of several electron rich centers in the 
molecule. Finally, Circular Dichroism spectra for both compounds 
showed identical absorptions thus establishing unambiguously 
that Oa-4A-l is lyalosidic acid.
The 13C NMR data for Oa-4A-l were assigned using DEPT 
135 and by com parison with the chemical shift values 
established for Oa-3A (Harman) and those recently acquired data 
provided by Prof. Aimi These 13C NMR data acquired by Prof. 
Aimi of which some of the chemical shift values were assigned 
using ! H - 13C correlation NMR technique showed slight
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differences in chemical shift values to his previous assignments. 
These differences which Prof. Aimi thinks could be due to 
temperature-dependency are, on the basis of my results, more 
likely to be due to intermolecular H-bonding. It is important to 
point out that our assignments at the four quaternary centers at 
C-2, C-7, C-8, and C-13 are not in agreement with those reported 
for lyalosidic acid 4 5 . These were based on the revised 
assignments established by Welti using 2-D INADEQUATE NMR 
technique on harman 10. Table 8 showed the comparison of the 
quaternary carbons at positions 2, 7, 8 and 13 to those reported 
by Aimi. A long range l H - 13C heteronuclear m ultiple bond 
correlation (HMBC) will be performed later on Oa-4A-l to 
confirm our assignments.
Table 8 . 13C NMR Data for Oa-4A-l and Lyalosidic Acid on 
Selected Carbons [CD3OD, Varian 400 MHz, referenced relative to 
residual CH3OH at 63.35].





1 3 6143.6 5135.8
With the structure of Oa-4A-l found to be lyalosidic acid, 
the mechanism of the enzyme hydrolysis with p-glucosidase was 
investigated. Initially, Aimi and his group isolated harman as the 
major product of enzyme hydrolysis of lyalosidic acid or 
lyaloside. Similarly, 10-hydroxylyalosidic acid 46 produced the 
corresponding p-carboline derivative 10-hydroxyharman 49.
t
H a r m a n
F ig u re  11. M echan ism  fo r the  F o rm ation  of H arm an  from  L y a lo s id ic  acid  
by E nzym e H ydro lysis P roposed  by N. A im i.
B o th  o b s e rv a t io n s  s u g g e s te d  th e  c o -e x is te n c e  o f  s im p le  p- 
c a r b o l in e s  a lk a lo id s  a n d  th e i r  c o r r e s p o n d in g  g lu c o in d o le  
a lk a lo id s . A p o ss ib le  m ech an ism  fo r  the  fo rm a tio n  o f harm an  w as 
p ro p o sed  by  A im i (F ig u re  11).
D u rin g  d is c u s s io n s  w ith  P ro f . A . R . B a tte rsb y , a n o th e r  
p o s s ib le  m e c h a n ism  fo r  th e  h a rm a n  fo rm a tio n  w as c o n s id e re d  
and  is p re se n te d  in  F ig u re  12. T h is in v o lv es  the  fo rm a tio n  o f a 
6 -m e m b e re d  r in g  in te rm e d ia te  w h ic h  h as  p re c e d e n t in  th e se  
g lu c o in d o le  a lk a lo id s  (c f , S tr ic to sa m id e  la c ta m ). B rea k d o w n  is 
th e n  t r ig g e r e d  th ro u g h  th e  p o s i t iv e  n i t r o g e n .  W ith  th e se  
o b se rv a tio n s , it is p o ss ib le  th a t in  the  R u b ia c e a e  fam ily  m ore 
p a r tic u la r ly  in  th e  genus Ophi or r h i z a , h arm an  1 0  m ay occu r in 
the  p la n t as a d eg rad a tio n  p ro d u c t w h ich  a rises  by the ac tion  of 
e n d o g e n o u s  g lu c o s id a s e  e n z y m e s  on th e  m o n o te rp e n o id  in d o le  
a lk a lo id s .  T h is  w o u ld  p o s s ib ly  e x p la in  th e  lo w  ra te s  o f  
in c o rp o ra tio n  o f  ace ta te  in to  harm an  1 0  o b se rv ed  by  O 'D o n o v an  
and K e n n e a lly .5 1
+
G l u c o s e
F i g u r e  1 2 .  A n o th e r P o ssib le  M echan ism  fo r the F o rm atio n  o f 
H arm an  from  O a -4 A -l by E n zy m e H y d ro ly sis .
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2.2.2.2 Structure Elucidation of Oa-4A-2
OH
The minor glucoindole alkaloid, labelled as Oa-4A-2 and 
obtained as a white amorphous solid, gave a m. pt. of 220-223° 
with decomposition. The UV absorbances at X289.2, 272.4, 226.6 
and 218 nm were consistent for a tetrahydro-p-carboline ring 
nucleus.
A molecular weight of 513.2318 (M+ + H) was obtained by 
HRDCIMS and was in accordance for C27H35N 2O9. These gave 11 
double bond equivalents, which is two less than for Oa-4A-l. 
Fragments ions were measured by scanning HRDCI as described 
previously for the Oa-4A-l MS analysis. Table 9 presents the 
possible elemental compositions of the generated ions using the 
proposed molecular ion composition.
The strong tendency to lose CO2 from its mass spectrum 
indicated a carboxylic acid which was confirmed when Oa-4A-2 
was reacted with CH3OH/CD3OD in (CH3C0 )2 0 . The mass spectrum 
of the reaction product gave two signals 3 mass units apart at 
546 and 549 for the methyl ester and deuteromethyl ester 
derivatives of Oa-4A-2.
Table 10. lH NMR Assignments for Oa-4A-2 (CD3OD, Varian 400 MHz, 
referenced relative to CD3OD at 53.35).
H on 
Carbon
lH, 5 (multiplicity, integration, J in Hz)
3 4.65 (m, 1H)
5 3.06-3.11 (m, 1H) and 2.98-2.00 (m,
1H)
6 2.26 (m, 1H)
9 7.48 (d, 1H, 8.0Hz)
1 0 7.06 (t, 1H, 7.0Hz)
1 1 7.15 (t, 1H, 7.0Hz)
1 2 7.37 (d, 1H, 8.0Hz)
1 4 3.50 (m, 1H) and 3.69 (m, 1H)
1 5 3.58 (m, 1H)
1 7 7.51 (s,lH)
1 8 t rans 5.34 (d,lH, 17.0Hz)
18cis 5.27 (d, 1H, 10.0Hz)
1 9 5.93 (m,lH)
21 5.70 (bd d, 1H)
20 2.75 (m, 1H)
r 4.79 (d, 1H, 7.0Hz)
2 ' 3.25 (t, 1H, 7.0Hz)
3 3.20-3.55 (m, 1H)
4' 3.20-3.55 (m, 1H)
5 ’ 3.40 (m, 1H)
6 * 3.72 (d, 1H, 12.0Hz) and 4.05 (d, 
12.0Hz)
N-CH3 2.80 (s, 3H)
5 1
R = CD3 m /z  5 4 9
Spectroscopic analysis of Oa-4A-2 was done by comparison 
of the data with those obtained for Oa-4A-l. A combination of ID 
and 2D NMR experiments were also utilised to elucidate the 
structure of Oa-4A-2. The NMR assignments for Oa-4A-2 were 
presented in Table 10.
The NMR spectrum of Oa-4A-2 obtained in CD3O D 
showed 5 aromatic protons, four of which were assigned for the 
4 spin-system at H-9, -10, -11,-12 and the fifth aromatic proton 
was assigned for the isolated proton at position 17 (Figure 13). 
H-9 and H-17 occured on the same chemical shift, 5 7 .5 1 , 
however, a spectrum acquired at 50°C resolved the two signals to 
a doublet at 57.49 (H-9) and a singlet at 57.48 (H-17). Again the 
indole proton was not observed due to deuterium exchange.
The COSY spectrum (Figure 14) showed coupling between 
the overlapping doublets at 57.51 (H-9 and H-17) and the signal 
at 57.08 (t, 1H, 7.0Hz, H-10) which showed a crosspeak to the 
triplet at 57.21 (H -ll) . The doublet at 57.37 (8.0Hz, 1H) was 
assigned to H-12. Well-resolved signals for 57.40 (H-17) and 
57.36 (H-12) were observed from the l U NMR spectrum obtained 
in DMSO-d6 (Figure 15).
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Figure 14. IH-^H COSY NMR Spectrum of Oa-4A-2 [400 MHz, 
CD3OD, referenced at S3.35].
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The signal centred at 55.93 (H-19) occurred as a broad 
signal on the NMR spectrum obtained in CD3OD. However, in 
D M S O -d6 spectrum it appeared as a 7 line spin-spin splitting, ddd 
(J17.6, 10.2, 7.4 Hz). Irradiation of the H-19 signal at 55.9 3 
caused the ddd signal for H-20 to change to a doublet of 
doublets. The H-19 signal showed strong COSY crosspeaks to the 
signals at 55.34 (d, 17.0Hz, H-18trans), 55.27 (d, 10.0Hz, H-18cis), 
and a weak COSY crosspeak to 52.77 (J7.4Hz).
Another broad signal was observed at 55.77 and was 
assigned to H-21. Broad signals in NMR are caused by rapid FID 
(Free Induction Decay) decay due to short T2 (dipole-dipole or 
transverse relaxation time). These phenomenon are associated 
with exchange processes or some experimental factor such as 
poor shimming of the magnetic field. In the case of Oa-4A-2, the 
occurrences of broad signals at 55.93 (H-19) and 55.77 (H-21) 
may be attributed to steric crowding. The presence of the methyl 
group which is attached to N(4) causes restricted rotation for 
protons at C-19 and C-21. Increasing probe temperature to 50°C 
gave sharp signals for H-19 and H-21 with defined multiplicity 
indicating that the signal appearance is temperature dependence. 
An increase in temperature increases the rate of rotation causing 
all the spins to exchange rapidly thus giving a single average 
signal.
The lH  NMR spectrum obtained in DMSO-d6 (Figure 15) 
showed a well resolved sharp signals for H-21 and H-19 which 
may indicate that solvent effect may be another reason for the 
broadening of the NMR signals at 55.77 and 55.93
The signal at 55.93 (H-21) was not observed from the COSY 
spectrum thus selective decoupling experiment was used to
Figure 15. *H N M R Spectrum  in DM S0-d6 for O a-4A -2 [400M H z, referenced at 5 2 .0 0 ],
5 4
establish the proton-proton connectivity between H-21 and H-20 
(62.77). H-20, on the other hand, showed COSY crosspeaks to 
H-21 (55.77), H-19 (65.93) and H-15 (53.58). The olefinic protons 
at C-18 appeared more downfield, 55.34 (H-18trans) and 55 .27  
(H -18cis) in comparison with those for Oa-4A-l.
The anomeric proton at 54.79 (d, J6 .8Hz), showed a 
crosspeak to 53.25 for H-2' which occured with the overlapping 
signals between 53.20 - 3.55. H-6’ protons were assigned to the 
signals at 54.05 (d, J12Hz) and the doublet at 53.72. These 
protons correlated with the signal at 5 3.40 for H-5'. The 
overlapping signals between 53.20 - 3.55 were assigned to H-3', 
H-4'. The H-14 protons overlapped with H-6' signal at 5 3 .6 9 .and 
at 53.50.
H-5 and H-6 of the tetrahydro-p-carboline unit was 
compared with a piperidine ring in which the protons were 
expected to resonate at 52.74 and 51.50, respectively. The broad 
signals centred at 52.26 were assigned to the H-6 protons while 
the H-5 protons to the multiplets at 5 3.06-3.11 and 52.98-3.00.
A 3H singlet observed at 62.82 is characteristic of a methyl 
group attached to a heteroatom. On comparison of this observed 
methyl signal to some of the model compounds such as 1,4- 
d im ethyl-P -carboline, it was established that it was attached to 
N (4). Methyl groups attached to the indolic nitrogen resonate 
farther downfield at 54.08.
A reaction of Oa-4A-2 with CH3O H /C D 3OD in (Ac2 0 )2 0  
yielded only the methyl ester derivative rather than the N-acetyl 
derivative as observed from its mass spectrum. This result 
supported the assignment for the N-CH3 group in the molecule.
Palicoside 58
D o lich an to sid e  55
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Oa-4A-2 was proposed to have the same stereochemistry at 
H-15, H-20 and H-21 to that of Oa-4A-l as observed from the 
similarity in their proton NMR data and their circular dichroism 
absorption .
From the literature, the structure of Oa-4A-2 was found to 
be related to palicoside 54 , recently isolated from the species 
Palicourea marcgravii of the Family Rubiaceae by Morita et al.111
P a lico sid e  was proposed  by M orita  to have a 
stereochem istry of 3S (a), 15S (a), 20S (a), and 21S(p). The
stereochemistry was established by conversion of palicoside to 
strictosamide. M ethylation of palicoside with CH2N 2 yielded a 
methyl ester derivative, which is structurally identical to the 
known compound dolichantoside 5 5 .
Dolichantoside 55 was isolated from Strychnos gossiweleri 
by Coune and Angenot11̂  and from Strychnos tricalysoides  by 
Leclerq and Angenot113. This compound was proposed to have a 
relative configuration of 3S(a), 15S(a), 20S(a), 21S(P), identical to 
strictosidine and has a positive CD in the region 270-290 nm 
(indolic chrom ophore region). Both dolichantoside 55 a n d  
palicoside m ethyl ester were reported to have identical 
stereochemistry at C-3 (3a) .114 However, a significant difference 
in their observed NMR chemical shift values for H-3 was 
apparent. The H-3 chemical shift for dolichantoside was observed 
at 54.57 (90MHz, CDCI3) while for palicoside methyl ester it was 
reported at 53.77 (400MHz, DMSO-d6). No CD measurement in the 
region 270-290 nm was reported for palicoside instead a 
negative CD measurement at 230 nm was reported which was 
not in any way useful in establishing the stereochemistry at H-3. 
De B ruyn115 disclosed that an ’a ' proton resonates more upfield
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83.30 (500MHz, CDCI3) than a (3 proton (84.62). Based on the 
observed proton chemical shifts of other tetrahydro-(3-carbo line  
alkaloids, a generalisation was made by Crabb116 that most 3a  
configuration tetrahydroderivatives resonates at proton chemical 
shift < 3.8 ppm and those with 3p configuration occurred farther
downfield (>3.8 ppm). In terms of CD measurements, it had been 
established that 3a configuration gave a negative CD maxima in
the region 270-290 while a positive CD in the same region was 
observed for 3p c o n f i g u r a t i o n .117 > 118 Clearly, the H-3
stereochemistry of one of these compounds must be incorrect. If 
the NMR trends are correct then this will suggest that 
dolichantoside has 3R(P) stereochemistry and palicoside have the 
correct assignment (3S) as reported.
Oa-4A-2 gave a proton chemical shift of 84.65 for H-3 
which conformed for a 'p' configuration. This was substantiated 
by the observed cotton effect on the CD spectrum where a 
negative CD maxima were observed in the region 270-290 nm 
supporting a ’p’-orientation for H-3. Leclerq and Angenot113 
found that isodolichantoside, a C-3 epimer of dolichantoside (N4 - 
methyl vincoside) gave a negative CD at 270-290nm. However, 
no proton chemical shift value for H-3 of isodolichantoside was 
reported for comparison. Our observed proton chemical shifts 
and CD m easurem ents were more consistent with those 
established in the literature. Also, the positive CD measurements 
obtained for an authentic sample of dolichantoside provided by 
Leclerq indicated that Oa-4A-2 was its C-3 epimer. Therefore we 
believed that the stereochemistry of Oa-4a-2 would be 3P(R), 
15a (S), 20a (S), 21 p (S) although clarification by X-ray would be 
desirab le .
Figure 16. Possible Conformation of Oa-4A-2 Based on Molecular 
Modelling Using ALCHEMY Program with Energy Minimisation.
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T h e  a b o v e  s tru c tu re  m a y b e  d e r iv e d  fro m  v in c o s id e  2 3 
w ith  N -m e th y la tio n  a t N (4 ). T he o b se rv ed  ch e m ic a l sh ift fo r H -3 
at 54 .65 , a re  a n a lo g o u s  to  th a t re p o r te d  fo r  v in c o s id e  (54 .44 , p 
c o n f ig u r a t io n ) . 1 1 6
M o le c u la r  m o d e llin g  u s in g  th e  A L C H E M Y  p ro g ra m  w ith  
m in im is a t io n  p ro v id e d  a s ta b le  c o n fo rm a tio n  o f  O a -4 A -2  as 
sh o w n  in  F ig u re  16. T h e  m o le c u la r  m o d e l c le a r ly  sh o w ed  the  
p ro x im ity  o f  th e  N -C H 3 g ro u p  to  th e  v in y lic  p ro to n s  o f  the  
m o n o te rp e n o id  u n it.
T h e  f ra g m e n t  io n s  o b ta in e d  f ro m  H R F A B M S  sp e c tru m  
c o rre la te  w e ll w ith  th o se  fo r  d o lic h a n to s id e  as show n  in  F ig u re  
17. B o th  g a v e  th e  mlz a t 185 an d  199 . T h e  p y r i l iu m  io n  
c o m m o n ly  o b ta in e d  fo r  m e th y l e s te r  d e r iv a tiv e s  o f  g lu c o in d o le  
a lk a lo id s  w ith  mlz  o f  165 w as n o t o b se rv ed  fo r  O a-4 A -2 . B o th  
s t r ic to s id in e  an d  d o lic h a n to s id e  e x h ib i te d  mlz  a t 165 w h ile  a 
mlz  151 w as o b se rv e d  fo r  O a-4 A -2 , th e  d if fe re n c e  o f  14 am u 
su g g e s tin g  fo r a ca rb o x y lic  acid .
O a -4 A -2  e s ta b l i s h e d  as a te t r a h y d r o - p - c a r b o l in e  a n d  
m e th y la te d  at th e  N -4  p o s it io n  has n o t b een  iso la te d  fro m  any 
o th e r  sp e c ie s  o f  g en u s  Op h i o r r h i z a .  T h is  is the  f irs t  re p o rte d  
iso la tio n  o f a C-3 ep im er o f  p a lico sid e .
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m l z  143 ,144 , in d o le  ions
m l z  156 ,1 6 9 ,1 7 1 , -4 H -(3 -c a rb o lin e  io n s
F i g u r e  17. M S F ra g m en ta tio n  P a tte rn  o f  O a-4A -2 .
2 . 2 . 3  I s o l a t i o n  o f  th e  G lu c o i n d o l e  A l k a l o i d s  a s  M e t h y l  
E s t e r  D e r i v a t i v e s
M o st o f  th e  g lu c o in d o le  a lk a lo id s  re p o rte d  in  the  lite ra tu re  
w ere  e i th e r  iso la te d  or c h a ra c te r ise d  as th e ir  m e th y l e s te rs . T he 
g lu c o in d o le  a lk a lo id s  O a -4 A - l  an d  O a-4 A -2  w ere  is o la te d  and  
e lu c id a te d  as th e ir  c a rb o x y lic  ac id s. T o  c o n firm  th e  s tru c tu re s  o f 
th e se  tw o  g lu c o in d o le  a lk a lo id s , w e a tte m p te d  to  p re p a re  th e ir  
m e th y l e s te r s  d e r iv a tiv e s  in  th e  e x p e c ta t io n  o f  is o la tin g  th e ir  
m e th y l  e s te r s  d e r iv a t iv e s  w h ic h  m ig h t  b e  c o m p a re d  w ith  
p a l ic o s id e  m e th y l e s te r  and  d o lic h a n to s id e  5 5 .  H o w ev er, it  w as
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la te r  fo u n d  that tw o  d iffe r e n t  c o m p o u n d s w e r e  iso la te d  w h ic h  
p ro m p ted  us to in v e s tig a te  th eir stru ctu res.
M e t h y l  e ste r  d e r iv a t iv e s  w e r e  p re p a re d  fro m  the c ru d e  
w a te r -s o lu b le  e x tra c t  ( O a - W S )  to fa c ilita te  and p r o v id e  e a se  o f  
is o la t io n  an d  p u r if ic a t io n . T h e  v e r m ic u lit e - l ik e  s e m i-p u r if ie d  
w a te r so lu b le  a lk a lo id , O a - W S , w a s  m eth ylated  w ith  C H 2N 2 . T h e  
m eth y la ted  a lk a lo id s  w e re  iso la te d  b y  P T L C  on s ilic a  d e v e lo p e d  
in C H 3 O H . T h e  m a jo r a lk a lo id  w h ic h  app eared under U V 254  as a 
b rig h t b lu e band and the d ark  blue m in o r a lk a lo id a l band w ere  
la b e lle d  as O a - W S - M e - I  and O a - W S - M e - I I ,  r e s p e c t iv e ly . O th er  
m in o r a lk a lo id s  w e r e  d e te c te d  a lth o u g h  th e ir  a m o u n ts  w e re  
m in u te . A  m e th y l e s te r  d e r iv a t iv e  o f  O a - 4 A - l ,  la b e lle d  as  
O a - 4 A - l - M e  w a s  also  prep ared  b y  m eth ylatio n  w ith  C H 2 N 2 .
O a - W S - M e - I  w a s  p u rified  tw ic e  b y H P L C  on a C 1 8  co lu m n  
e l u t i n g  i n i t i a l l y  w it h  i s o c r a t i c  6 0 % C H 3 O  H / H  2 0 ;  th en  
8 0 % C H 3 O H / H 2 O  in  the se c o n d  step . A f t e r  c o n c e n tr a tio n ,  
O a - W S - M e - I  w h ic h  elu ted  a fte r  1 0 . 2  m in s., w a s  o b tain ed  as a 
w h ite  so lid . O a - W S - M e - I I ,  ob tain ed as a lig h t b ro w n  re sin  after  
P T L C ,  w a s  p u rified  b y  H P L C  in 8 0 % C H 3 O H / H 2 O  at 1 . 5  m l/m in  
e lu tin g  a fte r  2 8 .0  m in s.
T a b l e  1 1 .  C o m p a riso n  o f  P e rce n ta g e  In ten sity  o f  O b se rv e d  F ra g m e n t
Ions fo r O a -W S -M e -I  and O a - 4 A - l - M e .
O b serve d  Ion O a - W S - M e - I O a - 4 A - l  - M e
5 2 7 .0  (M + H ) 9 0 % 4 0 %
3 6 5 . 0 8 0 % 3 0 %
3 0 4 . 2 * 1 5 % 10%
1 8 2 . 0 1 5 % 5 0 %
1 7 7 . 0 10% 100%
* Odd e" fragm ent ions are very unusual in protonating ionisation 
techniques even though odd-electron  m olecular ions 
are som etim es observed.
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2.2.3.1 Structure Elucidation of Oa-WS-Me-I
O a -W S -M e -I  c o -c h ro m a to g ra p h e d  on  tic  w ith  th e  m e th y l 
e s te r  d e r iv a tiv e  o f  O a -4 A -l la b e lle d  as O a -4 A -l-M e . A m l z o f 
526  w as o b ta in ed  by  L R F A B M S  w ith  its fra g m e n t ions id e n tic a l 
to  th o se  fo r  O a -4 A -l-M e , a lth o u g h  d iffe re n ce s  in  the  in te n s ity  o f 
so m e  o f  th e  io n s  w ere  o b se rv ed , as show n in  T ab le  11. T h ese  
su g g e s t th e  p o s s ib i l i ty  th a t O a -W S -M e -I and  O a -4 A - l-M e  are  
iso m e rs . F ig u re  18 p re se n ts  th e  f ra g m e n ta tio n  o f  O a-W S -M e-1  
c o rre sp o n d in g  to  the  o b se rv ed  ions as show n in  T ab le  11.
T he !H  N M R  sp ec tru m  o f  O a-W S -M e-I (F ig u re  19) show ed  
d i f f e r e n c e s  in  so m e  p ro to n  c h e m ic a l  s h if ts  to  th o s e  fo r  
O a -4 A - l-M e , even  at eq u a l c o n c e n tra tio n . T hus a c lo se r  lo o k  at 
th e  s tru c tu re  o f  O a-W S -M e-1  w as ca rrie d  ou t u tilis in g  2-D  N M R  
te c h n iq u e s  such  as C O S Y , T O C S Y  and R O E S Y  su p p o rted  by ID  
se le c tiv e  d e c o u p lin g  e x p e rim e n ts .
A n a ly s is  o f  the  s tru c tu re  o f O a-W S -M e-I w as ca rried  ou t in  
c o m p a r iso n  w ith  th e  e s ta b lish e d  s tru c tu re  o f  O a -4 A - l .  T h e  tw o  
and  fo u r  sp in  sy stem s o f  the  (3 -carbo line  u n it w e re  e s ta b l is h e d  
fro m  th e  C O S Y  sp ec tru m  (F ig u re  20). A ll the  ^YL and 13C N M R  




Figure 19. lU N M R  S pectrum  of O a-W S-M e-I [400 M Hz, C D 3 OD, referenced at 83 .35 ).
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Figure 18. MS Fragmentation of Oa-WS-Me-I.
A methyl signal resonating at 53.40 assigned for the CH3O- 
group was observed in both spectra although its chemical shift is 
som ew hat dow nfield  for the usual 5 3 .7 0 -3 .8 0  s igna l  
characteristic of a conjugated methoxy group. The signals for the 
P-carboline unit of the molecule were assigned based from the 
COSY crosspeaks and the ID selective decoupling experiment 
which are presented in Table 12.
F ig u r e  2 0 . C O S Y  N M R  Spectrum  o f O a -W S -M e -1
[400  M H z , C D 3 O D , referenced at 6 3 . 3 5 ] .
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Table 12. ! H  N M R  A s sig n m e n ts  fo r  O a - W S - M e - 1  [ C D 3 O D , 4 0 0  
M H z , re fe re n c e d  re la tiv e  to re sid u a l C H 3 O H  at 5 3 . 3 5  ( J H)  and 
5 4 9 .0 ( 1 3 C ) ] .
C a r b o n
#
1 H , 8 , (m u ltip licity , integration, J  in
H z)
1 3C , S
2 1 3 6 . 8
3 1 4 5 . 2
5 5 8 .2 4  (d, 1H , 5 .2 H z ) 1 3 8 . 0
6 7 .9 7  (d, 1H , 5 .6 H z ) 1 1 4 . 2
7 1 3 0 . 0
8 1 2 2 . 0
9 8 . 1 9  (dd, 1H , 8 .0 ) 1 2 2 . 6
1 0 7 .2 9  (td, 1 H 7 .4 ,  1 .2 H z ) 1 2 2 . 5
1  1 7 .6 1  (td, 1H , J 8 .8 , 1 .0 H z ) 1 2 9 . 4
1 2 7 .5 9  (dd, 1H , 6 .8H z, 1 .2 H z ) 1 1 2 . 8
1 3 1 4 2 . 4
1 4 3 .5 8  (m , 1H )  and 3 .2 9  (m ,lH ) 3 5 . 3
1 5 3 .6 5  (m , 1H ) 4 5 . 5
1 6 1 1 7 . 4
1 7 7 . 5 7  (s, 1H ) 1 5 4 . 1
1  8 5 .0 6  (dd, 1 H , 1 0 .4 ,  1 .6 H z, H - 1 8 cis) 
and 4 .9 3  (d, 1 H , 1 7 . 2  H z, H - 1 8 trans)
1 1 9 . 4
1 9 5 . 9 1  (ddd, 1 H , 1 7 . 2 ,  1 0 .4 ,  8 .8H z) 1 3 5 . 4
2 0 2 .6 4  (m , 1H ) 4 8 . 0
2 1 5 . 7 7  (d, 1H , 6 .8H z) 9 7 . 4
2 2 1 8 1 . 0
2 3 3 .3 9  (s, 3 H ) 5 1 . 7
r 4 .7 8  (d, 1H , 8 .0 H z) 1 0 0 . 2
V 3 .2 6  (t, 1H ) 7 4 . 6
3 ’ 3 .4 3  (t, 1H ) 7 7 . 9
4 ' 3 . 3 2  (t, 1H ) 7 1 . 6
5 ' 3 .3 9  (m , 1H ) 7 8 . 6
6 ' 3 .9 5  (dd, 1H , 1 2 ,  2 H z ) / 3 .7 3  (d, 1H ,  
1 2 .0 H z )
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T a b le  1 3 .  C h em ical Sh ift D ifferen ces o f  Selected Protons
B e tw e e n  O a -W S -M e -I  and O a -4 A -M e -I  [ C D 3 O D , 
4 0 0  M H z , referenced relative  to resid u al C H 3 O H  
at 5 3 . 3 5 ] ,
H  on Carbon O a - W S - M e - I O a - 4 A - l - M e
5 5 8 . 2 3 5 8 . 1 9
1 2 5 7 . 5 8 5 7 . 7 4
1 4 S 3 . 2 9 / d 3 . 5 8 5 3 . 1 8 / d 3 . 7 1
1 5 5 3 . 6 6 5 3 . 5 1
1 7 5 7 . 5 6 5 7 . 3 8
1 8 cis 5 5 . 0 4 5 4 . 8 3
1 9 5 5 . 8 8 5 5 . 9 2
2 1 5 5 . 7 6 5 5 . 6 5
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H - 1 9  reso n ates at 8 5 .8 8  as ddd ( J 1 7 . 0 , 1 0 . 2 ,  8 .8 H z ) w h ile  
H - 2 1  w a s o b served  to o ccu r as a dou blet at 8 5 .7 6  w ith  a J  valu e  
o f  6 .4  H z . T h e  H - 1 8 c i s o le fin ic  p ro to n  w a s  o b se rv e d  at 8 5 . 0 4  
( J 1 0 .8 H z )  and the H-18trans resonated at 8 4 .8 8  ( J 1 7 . 0 H z ) .  B o th  
H - 1 9  and H - 2 1  are co u p led  to H -2 0  w h ich  reson ates as an 8 line  
spin system  and o ccu rred  as a ddd ( J 8 .8 , 6 .8 , 6 .0  H z) at 8 2 .6 2 . A
6 .0 H z  c o u p lin g  w a s  o b se rv e d  b e tw e e n  H - 2 0  and H - 1 5  w h ic h  
reso n ates at 8 3 .6 5 .  H - 1 5  sh o w  C O S Y  cro ssp ea k s to the sign al at 
8 3 .2 9  fo r  one o f  the H - 1 4  pro to n s. S e le c tiv e  d eco u p lin g  assign ed  
the other H - 1 4  proton to the sign al at 8 3 . 5 8 .
T h e  an om eric proton ( H - l ')  o ccu rred  at 8 4 .7 9  w ith  an 8 .0 H z  
co u p lin g  con stan t w h ich  w a s still con sisten t fo r a (3- c o n f ig u r a t io n  
o f  the su g a r  r in g  T h is  re so n a n c e  fro m  the C O S Y  sp ectru m  
c o rre la te s  w ith  the o v e rla p p in g  s ig n a ls  b e tw e e n  8 3 . 2 5 - 3 . 4 5  fo r  
H - 2 ’ w h ic h  w a s  e s ta b lis h e d  to b e  8 3 . 2 6  b y  d e c o u p lin g  
e x p e rim e n t. C o rre la tio n s o b se rv e d  fro m  the C O S Y  and T O C S Y  
s p e c tr a  su p p o rte d  b y  d e c o u p lin g  e x p e rim e n ts  e s ta b lish e d  the 
other su g a r proton s as fo llo w s : 8 3 .4 3  ( H -3 ') ,  8 3 . 3 2  ( H -4 T), 8 3 . 3  9 
( H -5 ')  and 8 3 .7 3  and 3 .9 5  (H -6 ’).
T a b le  1 3  presen ts the d iffe re n c e s  in the c h e m ica l sh ift o f  
se lected  pro to n s fo r O a - W S - M e - 1  and O a - 4 A - l - M e .  T h e  O a -W S -  
M e - 1  sig n a ls  fo r  H - 5 ,  H - 1 5 ,  H - 1 7 ,  H - 1 8 c is , H - 2 1  and one o f  the 
H - 1 4  p ro to n s w e re  o b serv ed  fu rth er d o w n fie ld  w h ile  H - l 2 ,  H - 1 9  
and one o f the H - 1 4  m eth ylen e protons w e re  sh ifted u p field .
M o s t o f  these protons are those around the 3  ch iral centres  
at H - 1 5 ,  H - 2 0  and H - 2 1 .  T h e se  d iffe re n c e s  su g g e ste d  p o ssib le  
d iffe re n c e s  in stereo ch em istry  at one o f  these ch iral cen tres. T h e  
c o m p a riso n  o f  the J  v a lu e s  b etw een  H - 1 5 ,  H -2 0  and H - 2 1  are 
sh o w n  b e lo w .
I l l  I V
F ig u r e  2 1 .  F o u r P o ssib le  Stru ctu res o f the M o n o terp ern o id  U n it  
o f O a -W S -M e -I  B ased  on the O bserved C o u p lin g  C o n stan ts.
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Oa-W S-M e-I O a-4A -l-M e
J l5 -2 0 6.0 Hz 5.0 Hz
J20-21 6.4 Hz 6.8 Hz
J20-19 8.8 Hz 10.0 Hz
A 6.0Hz coupling observed between H-15 and H-20 is still 
characteristic for an axial-equatorial or equatorial-equatorial 
dispositions. The J value difference between H-20 and H-21 was 
insignificant while the coupling constant differences between 
H-19 and H-20 was pronounced. Based on the observed coupling 
constants, four stereoisomers for H-15, H-20 and H-21 are shown 
in Figure 21.
Structures II and IV would show W-coupling between H-15 
and H-21, however no coupling were observed from the COSY 
spectrum, making structures II and IV less likely. The NOESY 
spectrum showed an nOe between one of the protons of H-14 and 
H-21. This observation ruled out structure I leaving behind 
structure III. Strong NOESY crosspeaks were observed between 
H-15 and H-20 and H-20 and H-21. The signal for H-21 showed 
NOESY crosspeaks for H-T and one of the protons of H-14. No
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c ro ssp e a k s  w e re  o b se rv e d  b e tw e e n  5 3 . 5 1  ( H - 1 5 )  and H - 2 1 .  B a se d  
on a ll the o b serv ed  data, O a - W S - M e - I  w a s a ssig n e d  to h a ve  the 
stere o ch e m istry  as sh o w n  in structure III w h ic h  is 1 5 a ,  20(3, 2 1(3 .
A  c o n fo r m a tio n  o b ta in e d  b y  m o le c u la r  m o d e llin g  w ith  
e n e rg y  m in im isatio n  u sin g A L C H E M Y  so ftw are  is sh ow n  in F ig u re  
2 2 .  B o n d  d istan ces b etw een  the 3  ch ira l cen tres, H - 1 5 ,  H -2 0  and 
H - 2 1 ,  w e r e  m e a su re d  and c o rre la te d  w ith  the o b se rv e d  n O e  
re sp o n ses w h ic h  w e re  presen ted in T a b le  1 4 .
T a b l e  1 4 .  C o rre la tio n  o f  O b se rv e d  n O e R e sp o n se s w ith  the 
M e a su re d  B o n d  D ista n c e s  fro m  the E n e r g y  M in im ise d  Stru ctu re  
( A L C H E M Y )  o f O a -W S -M e -I .
B o n d  D istan ce, A 0 R O ESY
r e s p o n s e s
H 20 - H 2 1 2 . 5 6 1 nOe (+ + + )
H 20 - H 1 5 2 . 5 3 6 nOe (+ + + )
H 20 - H 1 4 2 . 2 3 7 6 / 3 . 6 1 7 nOe (+ + + )
H 2 i - H r 2 . 5 3 9 nOe (+ + + )
H 2 1  - H 1 4 2 . 9 2 7 / 3 . 8 6 4 nOe (+)
H 15  - H 2 1 3 . 7 0 7 no nO e (n.o.)
H 2 1 - H i 8 3 . 8 6 7 ( t ) / 5 . 0 8 0 ( c ) no nO e (n.o.)
(+++) Large nOe (+) Small nOe (n.o.) Not Observed
T h is  u n u su al C - 2 0  stereo ch em istry  o f  O a - W S - M e - 1  is m ore  
lik e ly  to rep resen t an ép im érisatio n  v ia  rin g o pen in g at the later 
stage in the b io sy n th e sis prio r to the su gar b ein g attached.
Figure 22. Possible Conformation of Oa-WS-Me-1 Based on 
Molecular Modelling Using ALCHEMY Program with 
Energy Minimisation.
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2 .2 .3 . 2  S t r u c t u r e  E l u c i d a t i o n  o f  O a - W S - M e - I I
The UV absorption of this minor methyl ester alkaloid, 
labelled as Oa-WS-Me-II were identical to those for Oa-4A-2 
which conformed for a tetrahydro-p-carboline ring system.
The structure analysis of Oa-WS-Me-II was based on the 
established data for the other glucoindole alkaloid (Oa-4A-2) 
previously discussed. It was unfortunate though that insufficient 
Oa-4A-2 was available for m ethylation as this would have 
facilitated spectral comparison.
2-D Homonuclear COSY, TOCSY and ROESY
(Appendix 2) NMR experiments together with 1-D selective 
decoupling experiments provided the 1H assignments shown in 
Table 15 and substan tiated  the proposed structure for 
Oa-W S-M e-II.
The 1H NMR spectrum of Oa-WS-Me-II (Figure 23) showed 
two 3H singlets at 83.74 and 52.53 which were assigned to the 
methyl ester and the N-methyl resonances, respectively.
The aromatic proton assignment were achieved in the same 
manner of analysis as for those in the other 3 glucoindole 
alkaloids. The signals at 57.41 (d, J8.0Hz), 57.31 (d, J8.0Hz), 57.07
T a b le  1 5 .  !H  N M R  A s sig n m e n ts  fo r 0 a - W S - M e - I I . [ C D 3 0 D , 4 0 0  M H z , 
referen ced  re la tiv e  to the resid u al C H 3 O H  at 8 3 . 3 5 ] .
H  on 
C a rb o n
5 , m u ltip licity, integration, J  in H z
3 3 .8 6  (br t, 1H )
5 2 .8 7 - 2 .9 4  (m ,lH )  &  3 . 3 2  (m, 1 H )
6 2 .6 0 - 2 .6 7  ( m ,lH )  &  2 .8 7 - 2 .9 4  ( m ,lH )
9 7 . 4 1  (d, 1H , 8 .0 H z)
1 0 6 .9 9  (td, 1H , 7 .2 H z , 1 .2 H z )
1 1 7 .0 7  (td, 1H , 7 .8 H z , 1 .2 H z )
1 2 7 . 3 1  (d, 1H , 8 .0 H z)
1 4 1 . 9 9  - 2 .0 4  (m , 2 H )
1 5 3 .2 7  (m , 1H )
1 7
1 &cis 5 .3 0  (d, 1H , 10 .0 H z )
1 8 t r a n s 5 . 3 6  (d, 1H , 1 7 .0 H z )
1 9 5 .8 6  (ddd, 1H ,
2 0 2 .7 4  (m , 1H )
2  1 5 .6 2  (d, 1H ,
2 2 3 . 7 4  (s, 3 H )
N -C H 3 2 .5 4  (s, 3 H )
r 4 . 7 8  (d, 1H , 8 .0 H z)
V 3 .2 5  (t ,lH , H z)
V 3 . 4 1  (m, 1 H )
4 ' 3 .3 4  (m , 1H )
5 ' 3 .6 6  (m , 1H )
6 ’ 3 .9 4  (d, 1H , 1 2 .0 H z ) &  3 .6 4  (d, 1H ,  
1 2 .0 H z )
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(td, J7.8,1.2Hz) and 56.99 (td, J7.2, 1.2Hz) were all assigned to 
H“9> H-12, H -l 1 and H-10, accordingly. The monoterpenoid unit 
and the sugar moiety were established from the combined 
informations derived from the COSY, TOCSY and ID decoupling 
experim ents.
The ddd signal at 55.86 (H-19) is coupled to 55.30 (H18Cis), 
55.36 (H18trans) and 52.74 (H-20) for the AA’BX system. H-20 is 
coupled to 55.62 for H-21 and the multiplet at 53.27 for H-15. 
From the TOCSY spectrum, H-15 showed a crosspeak with the 2H 
multiplet at 52.04-1.99, which in turn was coupled to the broad 
triplet at 53.86 for H-3.
The multiplet at 52.60-2.67 integrating for 1H and with an 
undefined multiplicity, was assigned to one of the H-6 non­
equivalent methylene protons. This, in turn showed COSY 
crosspeak to another multiplet at 52.87-2.94, integrating for 2
protons, which were assigned to the other H-6 protons and to one 
of the H-5 protons. The other non-equivalent H-5 proton 
resonates on top of the multitude of signals at 53.23-3.41 which 
through selective decoupling experiment was found to be centred 
on 53.32. This is characteristic of a p, y-unsaturated piperidine 
ring, where H-3, H-5 and H-6 resonates at 53.33, 52.95 and 52.07, 
respectively .
82.60 -  2.67H H 52.87 - 2.94
F ig u r e  2 3 .  ! H  NMR Spectrum of Oa-WS-Me-II [400 MIIz, CD3OD, referenced at 53.35].
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The chemical shift values of the sugar protons were 
assigned as follows: 54.78 (H -l’), 53.25 (H-2’), 53.41 (H-3’), 53.34 
(H-4’), 53.66 (H-5’), and 53.94 and 53.64 ( H-6’).
The stereochem istry of H-15, H-20 and H-21 were
determined on the basis of their observed coupling constants. 
The 6.4 Hz coupling between H-20 and H-21 was assigned for a 
pseudo axial-axial disposition with the monoterpenoid ring 
assuming a half-chair conformation. The J-value for H-20 and 
H-15 were not clearly defined from the *H NMR spectrum. 
However, with ID selective decoupling experiment, H-20 was 
found to be an 8 line spin-spin splitting. Lines 2-4 and 5-7 were 
so close to each other such that they appeared as a broad line 
which made the signal for H-20 to appeared as a broad quartet.
On irradiation of 51.99-2.00 (H-14), H-15 became a doublet 
with J value of 4.4 Hz for an axial-equatorial or equatorial- 
equatorial disposition. However, with the established axial-axial 
relationship between H-20 and H-21, H-15 is then equatorially 
disposed. These observations gave rise to the relative 
configuration of 15S (a), 20S(a) and 21R ((3), which are identical 
to Oa-4A-l and Oa-4A-2.
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O a - W S - M e - I I  h as the sam e o v e ra ll structure as g lu co in d o le  
a lk a lo id , d o lic h a n to s id e  5 5 ,  p r e v io u s ly  iso la te d  b y  C o u n e  and  
A n g e n o t . 1 1 2  H o w e v e r , the stereo ch em istry  at C - 3  seem s to be  
d iffe re n t b ased  on the proton N M R  ch e m ica l sh ift v a lu e  fo r H -3 .  
T h e  p ro to n  c h e m ic a l sh ift v a lu e  repo rted fo r  D o lic h a n to s id e 1 1 2  
o cc u rre d  at 8 4 .5 7  w h ile  O a - W S - M e - I I  w a s  o b se rv e d  at 5 3 . 8 6 .  
A c c o r d in g  to the estab lish ed  N M R  tren d s1 1 5 »1 1 6  fo r H -3  ch em ical 
sh ift v a lu e , d o lich a n to sid e  w o u ld  h ave a 3 p c o n fig u ra tio n  w h ile  
O a - W S - M e - I I  w ill  h a v e  a 3 a  co n fig u ra tio n . A s  e a rlie r  p o in ted  
out, there w a s  an am b ig u ity  in the stereo ch em ical assign m en ts o f  
H -3  fo r d o lich a n to sid e  w h ere  its o b served  proton N M R  v a lu e  fits  
a P co n fig u ra tio n  w h ile  its o b served  p o sitiv e  C D  m a xim a  in the 
re g io n  2 7 0 - 2 9 0  co n fo rm ed  fo r an a  c o n fig u ra tio n . O a - W S - M e - I I  
g a v e  a p o sitiv e  C D  ab so rb an ces in the regio n  2 7 0 - 2 9 0  nm  w h ich  
w a s  c h a ra c te ristic  fo r  an ‘ a ’ -o rie n te d  H - 3 .  T h e  o b se rv e d  H -3
c h e m ic a l sh ift  v a lu e  and C D  m easu rem en ts fo r  O a - W S - M e - I I  
w e re  m o re in agreem en t w ith  an ‘ a ’ -o rie n te d  p ro to n s d e sc rib e d  
in the lite ra tu re . 1 1 6 - 1 1 8  T h u s w e  b e lie v e d  that O a - W S - M e - I I  
h a v e  the sam e stereo ch em istry at C - 3  as stricto sidin e ( 3 a ) .
( i i )  ffi-CP BA
A c e t o b r o m o g l u c o s e
N
ICH3 CH20-Glucose
1-methyl  h a r m a n  glucoside
Scheme 7. Proposed Synthesis of 1-Methylharman Glucoside.
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2 .2 .4  S y n t h e s is  o f  P - C a r b o l i n e  D e r i v a t i v e s
During the early stage in the structure elucidation of 
Oa-4A-l, we had the notion that the sugar unit may be directly 
linked to the P-carboline ring nucleus. Thus, attempts were made 
to synthesised two glucoside derivatives of harman 10 as model 
compounds for the structure elucidation of the O. acuminata 
glucoindole alkaloids. However, the synthesis of the target 
molecules were not completed since the NMR data acquired 
suggested that the Oa-4A-l was not a glycoside of harman. Thus 
the synthesis was not pursued to com pletion. Commercial 
harman was used as the starting materials in the synthesis of 
these p-carboline derivatives. Schemes 7 and 8 present the 
proposed syntheses for 1-methylharman glucoside and harman 
glucoside.
2 . 2 . 4 . 1  1 , 9 - D i m e t h y l - p - c a r b o l i n e  5 6
P re p a ra tio n  of 1,9 -d im eth y l-p -ca rb o lin e  was firs t 
attempted by the reaction of harman 1H with CH3I/K 2C O 3. The 
reaction did not work with the isolation of the starting material. 
With KHCO3 a low yield of ££  was produced. However, a reaction 
of JLiL with CH3I and NaNH2120 gave a pale yellow solid of ¿ 6  
which was purified by column chromatography on silica.
o
II




H a r m a n  g l u c o s i d e  6 3
Scheme 8 . Proposed Synthesis for Harman Glucoside.
7 1
T h e  U V  a b so rp tio n s w a s  ty p ic a l o f  a P -c a r b o lin e  unit, X
3 5 8 . 2 ,  3 4 2 .8 ,  2 8 9 .6 ,  2 7 9 .2 ,  2 4 5 .4 ,  2 3 3 . 2  and 2 1 5 . 6 .  T h e  i H  N M R  
and 1 3 C  N M R  assign m en ts fo r £ £  is sh ow n in T ab le  16 .
Table 16. ! H  and 1 3 C  N M R  A ssig n m e n ts  fo r H arm an 10 a n d  
1 ,9 -D im e t h y l-p -c a r b o lin e  56 [C D 3 O D , 4 0 0  M H z, 
referen ced  re la tiv e  to resid u al C H 3 O H  at 8 3 . 3 5  ( Ml)  
and 5 4 9 .0  ( 1 3 C ) ] .
C a r b o n !H , 8 1 3C , 8
1 1  0 5  6 1  0 5  6
2 5 1 3 6 . 2
3 5 1 4 3 . 0 5 1 3 7 . 9
5 5 8 . 1 2 5 8 . 0 9 5 1 3 7 . 8 5 1 3 8 . 0
6 5 7 . 8 4 5 7 . 8 5 5 1 1 4 . 0 5 1 1 2 . 8
7 5 1 2 2 . 6
8 5 1 2 9 . 7
9 5 8 . 0 9 5 8 . 0 9 5 1 2 2 . 6 5 1 2 1 . 4
1 0 5 7 . 2 3 5 7 . 2 7 5 1 2 0 . 7 5 1 1 9 . 5
1  1 5 7 . 5 3 5 7 . 5 0 5 1 2 9 . 3 5 1 2 8 . 1
1 2 5 7 . 5 7 5 7 . 6 0 5 1 1 2 . 8 5 1 0 9 . 3
1 3 5 1 4 2 . 5
1 4  C H 3 5 2 . 7 8 5 2 . 9 8 5 2 0 . 0 5 2 3 . 5
1 5  N C H 3 5 4 . 0 4 5 3 2 . 1
7 2
2 .2 . 4 . 2  l ,9 - D i m e t h y l - | 3 - c a r b o l i n e  N - o x id e  5 7
Reaction of i i .  with m -ch lo ro p ero x y b en zo ic  a c id 121 
afforded a white solid, m. pt. 46-50°C in 75% yield. The UV 
spectrum was different from that of the starting material, 
showing absorptions at ¿317.2, 261.4 and 219.4 nm. The mass 
spectrum gave a m/z at 213 (MH) exemplified a typical N-oxide 
fragmentation with a strong tendency to lose oxygen giving rise 
to an ion at m/z 196. The lH  NMR spectrum showed H-5, H-6 and 
the methyl group at C-l to shift farther downfield due to the 
deshielding effect of the electronegative oxygen substituent.
2 . 2 . 4 . 3  1 - A c e t o x y m e t h y l - 9 - m e t h y l - p - c a r b o l i n e  5 8
Preparation of fJL was carried out by the reaction of £_Z 
w ith ace tic  an h y d rid e .* 2 2 » *2  ̂ P urification  by column 
chromatography provided a yellow amorphous solid in 90% yield. 
The structure was supported by the absorptions shown in its UV 
spectrum and was characteristic of a p-carboline. The *H NMR 
spectrum showed the signals arising from the p -c a rb o lin e
7 3
protons and three singlets at 55.76, 4.17 and 2.18 for H-14, N- 
C H 3 and the acetyl methyl group.
2 . 2 . 4 . 4  l - H y d r o x y m e t h y l - 9 - m e t h y l - p - c a r b o l i n e  5 9
Reaction of with acetobromoglucose in ethanol and 
NaOH afforded l-hydroxym ethyl-9-m ethyl-p-carboline instead 
of the desired glucoside as evident from its !H NMR spectrum. 
The hydroxym ethyl derivative was obtained as a yellow 
amorphous solid, m. pt. 178-179°C.
2 . 2 . 4 . 5  1 - M e t h y l - P - c a r b o l i n e  N - o x id e  60
Reaction of U l with m -ch lo ro p ero x y b en zo ic  a c id 121 
afforded its N-oxide derivative as a pale yellow solid. Its mass 
spectrum showed the facile loss of oxygen.
2.2.4.6 1 - A c e t o x y m e t h y l - P - c a r b o l i n e  6 1
Reaction of ML with acetic anhydride122»123 afforded two 
products, the yellow solid acetoxymethyl derivative (33% yield) 
and a d iacetoester derivative, l-acetoxym ethy l-9 -acetyl-p- 
carboline £2.. The product £ 1  was obtained from a 1 equivalent 
reaction of JJ . with acetic anhydride and ¿2 was obtained with 2 
equivalents of acetic anhydride.
The 1H NMR spectrum of £2. showed the presence of 
rotational isomerism due to the restricted rotation of the amide 
group. Similar exchange process in the NMR spectrum was 
observed with l-methyl-9-acetyl-P-carboline 6 4 .
2 . 2 . 4 . 7  1 - H y d r o x y m e t h y l - p - c a r b o l i n e  6 3
l-m ethy l-9 -acety l-p -carbo line  upon reaction with ethanol 
in NaOH produces the alcohol derivative of harman as a yellow 
amorphous solid.
2 .2 . 4 . 8 l - M e t h y l - 9 - a c e t y l - P - c a r b o l i n e  64
Reaction of 10 with acetic anhydride^^’l ^3 gave the amide 
derivative of p-carboline 64,. The l U NMR and 13C NMR spectra
showed the occurence of two signals with a 2:1 ratio for the 
rotational isomers.
2 .3  S U M M A R Y  A N D  C O N C L U S I O N
N u m ero u s a lk a lo id s h a v e  been iso lated  fro m  m em b ers o f  the 
R u b iaceae fa m ily . T w o  gen era in particular, Cinchona  and Cephaelis , 
are re n o w n e d  s o u r c e s  o f  the m e d i c i n a l l y  im p o rta n t qui ni ne,  
qu in id in e and em etin e.
T h e  three m a jo r typ es o f a lk a lo id  fro m  this fa m ily  are all 
d e riv e d  fro m  the irid o id  p re c u rso r, lo g a n in , and co n ta in  either  
in do le, te tra h yd ro iso q u in o lin e  or q u in o lin e m o ieties.
T h e  m a jo rity  o f  the a lk a lo id s w h ich  h ave been ch aracterised  
from  the F a m ily  R u b ia ce a e  are d erived  v ia  seco lo gan in  w h ich  when  
c o n d e n se d  w i t h  try p ta m in e  p ro d u c e  s t r ic t o s id in e , the k n o w n  
p recu rso r o f n um erous in d o le-irid o id  alk alo id s.
O p h i o r r h i z e a e  is one o f ten, out o f  a total o f  3 5  genera  
b e lo n g in g  to the f a m i l y  R u b ia c e a e , to co n ta in  ir id o id -d e riv e d  
a lk a lo id s. T h e  le a v e s  o f  Ophiorrhiza acuminata  a ffo rd e d  f i ve  
alk alo id s, fo u r o f w h ich  w ere g ly c o sid e s . T h e  alk alo id s labelled as 
O a -3 A  and O a - 4 A - l  w ere elucidated to be identical to the sim ple-p-
c a r b o lin e  a l k a l o i d ,  h arm an  1 0  and the g l u c o i n d o l e  alkal oi d,  
l y a l o s i d i c  a c id  4 5 ,  r e s p e c t i v e l y .  T h e s e  tw o  a l k a l o i d s  h a v e  
p revio u sly  been isolated fro m  tw o  other species o f Ophiorrhiza  with  
harm an postulated b y A im i to o ccu r in the genus Ophiorrhiza  as a 
b reak d o w n  p ro d u ct o f the parent g lu c o in d o le  a lk a lo id s. T h e sam e  
relatio n sh ip  b etw een  1 0  and O a - 4 A - l  w as o b served in this study
O a - W S - M e - 1 ,  though related  in structure to ly a lo sid ic  acid , 
w as p ro p o sed  to h ave a d ifferen t stereo ch em istry  at C - 2 0  based on 
all the o b se rv e d  p h y s ic a l data. T h i s  is the first  report o f the 
iso latio n  o f  a ly a lo sid ic  acid  C - 2 0  epim er. T h is  in versio n  at C -2 0  
m ay h a v e  o c c u rre d  dur i ng  the later sta g e  o f  b i o s y n t h e s i s  by  
ep im erisatio n  v ia  rin g open in g.
7 7
It is uncertain whether Oa-WS-Me-1 is a natural product. It 
does not seem probable that methylation with CH2N 2 in CH3O H 
caused the inversion at C-20. It is therefore possible that both 
epimers were present in the water soluble extract however, during 
the isolation procedure, these alkaloids may have been selectively 
purified yielding Oa-4A-l from the unmethylated water soluble 
extract and the C-20 epimer from the methylated water soluble 
extract.
Oa-4A-2 and Oa-WS-Me-II, both tetrahydro-p-carbolines and 
methylated at the N-4 position have not previously been isolated 
from any other species of Ophiorrhiza.  Only 2 compounds related in 
structure to the isolated alkaloids have so far been reported in the 
literature, palicoside 54 and dolichantoside 55 . Palicoside was 
isolated from the genus Pal icourea  of the same family Rubiaceae 
while dolichantoside was obtained from the plant family, 
Loganiaceae.
The isolated alkaloid labelled Oa-4A-2 was related in 
structure to palicoside but found to differ in stereochemistry at H-3 
which was assigned to be 'p'-oriented with the three chiral centres 
at C-15, C-20 and C-21 to be a , a , p, respectively. Morita et al. had 
established palicoside to be 3 a ,  15a, 2 0 a , and 21 p while 
dolichantoside was also reported to have the same stereochemistry 
(3 a , 1 5 a , 20a, 21 p). However the reported proton chemical shift 
value for H-3 for the two compounds were not identical. The 
observed data for Oa-4A-l were more consistent to those in 
literature thus we believed that it has a 3p configuration. This work 
was the first reported isolation of a palicoside epimer at C-3 in
natu re .
7 8
O a - W S - M e - I I  is  re la te d  in stru ctu re to d o lic h a n to sid e  and 
p a lico sid e  m eth yl ester. T h e  proton at C - 3  position  w a s establish ed  
to have an ’a ’ c o n fig u ra tio n  b ased  on the o b served  N M R  ch em ical 
sh ift v a lu e  and the C D  m easu rem en t in the re g io n  2 7 0 - 2 9 0  nm. 
O a -W S -M e -I I  w a s p ro p o sed  to h ave a stereo ch em istry  o f  3 a ,  1 5 a,  
2 0 a ,  and 2 1  p, sim ilar to those fo r strictosidine.
T h is  w o rk  presen ts the first fu ll sp ectro sco p ic  ch aracterisatio n  
o f ly a lo sid ic  acid using state o f the art N M R  m ethods. A s  incom plete  
c h a ra cte risa tio n  o f  literatu re  co m p o u n d s are a v a ila b le , this w o rk  
could serve as a b asis fo r the structure elu cid ation  o f other sim ilar  
t y p e  o f  ’ a l k a l o i d - m o n o t e r p e n o i d - s u g a r '  a c i d  i n d o l e  a l k a l o i d s .  
Isolation o f a n o vel alk aloid  as its m ethyl d e riv a tiv e , O a - W S - M e - 1 , 
is re p o r te d  t o g e t h e r  w i t h  the o c c u r r e n c e  o f  t w o  n o v e l  
te tra h y d ro d e riv a tiv e s, O a - 4 A - 2  and O a -W S -M e -I I ,  iso lated  fo r the 
first tim e, from  the genus O p h i o r r h i z a .
CHAPTER 3
ISOLATION AND STRUCTURE ELUCIDATION 
OF T A L A U M A  G IT IN G E N S IS  ALKALOIDS
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3.1 INTRODUCTION
The aporphines represent a large and expanding group of 
isoquinoline alkaloids. These alkaloids are based on the 4H- 
dibenzo[de,g]quinoline structure (I) or its N-methylderivative (II), 
commonly known as the aporphine nucleus (Figure 24).I23
3  4
Figure 24. Aporphine Nucleus.
The aporphine alkaloids can be divided into three groups 
depending upon the degree of methylation of the N-atom. These 
groups are: (a) the aporphines as such, which contain an N-methyl 
function, (b) the noraporphines which possess a secondary nitrogen 
atom, and (c) the quaternary aporphine salts.
The aporphines are distributed in at least 18 plant families, of 
which the most important are the Papaveraceae, where the N is 
methylated; the Annonaceae, Lauraceae, and the Monimeaceae, 
where the aporphines occur as secondary amines. Other species 
belonging to the families such as Berberidaceae, Magnoliaceae, 
Menispermaceae, Ranunculaceae, and Rhamnaceae have been found 
to contain aporphine alkaloids.124
The most diverse structural feature of the aporphines is the 
oxygenation pattern. Positions 1 and 2 are always oxygenated, 
either by hydroxy, methoxy or methylenedioxy groups. It is
80
common to find further oxygen substituents at C-9, C-10 and C -ll, 
and occasionally at C-8. It is rare to find oxygenation at C-7 except
in the oxoaporphines and even rarer to find any oxygenation in ring 
B.30
Aporphines, as pointed out by Shamma,123 are not planar and 
exist in either of two stereochemical arrangements as shown in 
F igure 25. N atu ra lly  occurring  aporph ines are usually
dextrorotatory and belong to the L configuration.
L - 5  C onfiguration  D - R C onfiguration
Figure 25. Stereochemical Arrangements of Aporphine
Alkaloid.
The first aporphine alkaloid was obtained not by isolation but 
as the result of chemical modification. Thus, in 1869 it was found 
that hot cone. HC1 caused rearrangement of morphine 65 to 
apomorphine 66 , which is not a natural product.30
-— - nch3
M orph ine  65 A pom orph ine  66
N u c ife r in e
Scheme 9. Aporphine Synthesis via Condensation 
of o-N itrophenylacetylchloride 72 with Phenylethylamine.
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Glaucine 67, corytuberine 6 8 , corydine 69, isocorydine 70, 
and bulbocapnine 71 were among the first aporphines from natural 
sources to have their structures elucidated.125
R l JB.2 E i E i E l
o c h 3 o c h 3 H o c h 3 OCH3 Glaucine 67
o c h 3 OH OH o c h 3 H C o ry tu b e rin e 68
o c h 3 OH OCH3 o c h 3 H Corydine 69
o c h 3 o c h 3 OH o c h 3 H Isocorydine 70
-0 -C H 2 -0 OH o c h 3 H B u lbocapn ine 71
3.1.1 Synthesis of A porphine Alkaloids
Three classical methods of aporphine syntheses have been 
demonstrated in the literature.126 The first approach involves 
condensation of an o -n itro p h e n y la c e ty lc h lo rid e  7 2 with an 
appropriately substituted phenylethylam ine, Bischler-N apieralski 
cyclisation, m ethylation, reduction, and finally by a Pschorr 
cyclisation (Scheme 9).
N itration of a benzyl tetrahydroisoquinoline followed by 
reduction, diazotization, and cyclization is the second known 
approach for aporphine synthesis This procedure led to the first 
synthesis of the aporphine alkaloid, glaucine 67 (Scheme 10).
(±)-Glaucine 67
S c h e m e  10. S y n th es is  o f  G lau c in e .
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The third classical approach to the synthesis of aporphines is 
the base-catalysed  condensation of o -n itro to luene  7 3 with 
isoquinolinium salt 74 (Scheme 11).
CH,
Schem e 11. A porphine Synthesis by B ased-C atalysed 
Condensation of o -Nitrotoluene with Isoquinolinium Salt.
Several modifications and new approaches have so far been 
cited in the literature. These, however, are beyond the scope of this
survey .
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3 . 1 . 2  B i o s y n t h e s is  o f  A p o r p h i n e  A l k a l o i d s
B io g e n e tic a lly , a p o rp h in e  a lk a lo id s  a re  k n o w n  to  be d e riv e d  
f ro m  th e  c o r r e s p o n d in g  p h e n o l ic  te t r a h y d ro b e n z y l i s o q u in o l in e .  
T h re e  p o s s ib le  ro u te s ,  s u p p o r te d  by  la b e ll in g  e x p e rim e n ts , h av e  
b ee n  c o n s id e re d  fo r  th e  b io s y n th e s is  o f  a p o rp h in e  a lk a lo id s  in  
p la n ts . T h e se  p ro c e e d  fro m  te tr a h y d ro is o q u in o lin e  e i th e r  by (a) 
d i r e c t  p h e n o l i c  o x id a t iv e  c o u p l in g ,  (b )  in te r m e d ia c y  o f  
n e o a p o rp h in e , and  (c) n e o p ro a p o rp h in e s .
R o b in s o n  a n d  S u g a s a w a 1 2 7  p ro p o se d  th e  f i r s t  p la u s ib le  
b io sy n th e tic  p a th w a y  b ased  on in vitro re a c tio n s . S ev e ra l feed in g  
e x p e r i m e n t s  th e n  s u b s t a n t i a t e d  th is  r o u te .  I n c o r p o r a t io n  
e x p e rim e n ts  o f  la b e lle d  re tic u lin e  75 in Papaver somniferum h a v e  
sh o w n  th a t  is o b o ld in e  7 6  w as d e r iv e d  by  d ire c t o r th o  -p a r  a 
o x id a tiv e  co u p lin g  (S chem e 1 2 ) . 1 2 8
OH OH
R e t i c u l i n e  7  5  Iso b o ld in e  7 6
S c h e m e  1 2 .  B io sy n th e tic  C o n v e rs io n  o f R e tic u lin e  to  Iso b o ld in e .
B a rto n  et al129, p ro p o se d  a seco n d  ro u te  w h ich  in v o lv e s  the 
f o r m a t i o n  o f  d i e n o n e  d e r i v a t i v e s  ( p r o a p o r p h i n e s  o r  
p ro e ry th r in a d ie n o n e ) ,  w h ich  then  re a r ra n g e  in to  a p o rp h in e  th ro u g h  
d ie n o n e s -p h e n o l  o r d ie n o l-b e n z e n e  re a r ra n g e m e n ts  as re p re s e n te d  
in S chem e 13.
(+)- Isothebaine 80
Schem e 13. B io sy n th es is  v ia  F o rm a tio n  o f D ien o n e
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( + ) -O r ie n t a l in e  7 7  is d e riv e d  fro m  ty ro sin e  p re su m a b ly  v ia  
d e c a r b o x y la t io n  o f  3 ,4 -d ih y d r o x y p h e n y la la n in e ,  b e fo re  or a fte r  
c o n d e n s a t io n  w it h  3 , 4 - d i h y d r o x y p h e n y l p y r u v i c  a c id  or 3 ,4 - 
d i h y d r o x y p h e n y l a c e t a l d e h y d e .  C y c l i z a t i o n ,  r e d u c t i o n  to  
n o rla u d a n o sin e , and f in a lly , m é th y la tio n  b y  S -a d e n o sy lm e th io n in e  
y ie ld  ( + ) - o r i e n t a l i n e .  A l t e r n a t i v e l y ,  m é th y la tio n  at the 3 ,4 - 
d ih y d r o x y p h e n y la la n in e , d ih y d r o x y p h e n e th y  la m in e  a n d /o r p y r u v ic  
a c id  m ig h t o c c u r  b e fo re  c o n d e n sa tio n  and c y c lis a t io n  to ( + ) -  
o r ie n t a lin e .
A c c o r d in g  to S c h e m e  1 3 ,  (+ ) -o r ie n t a lin e  is c o n v e rte d  to 
( -) -o r ie n ta lin o n e  7 8  v ia  in tra m o le cu la r ra d ic a l co u p lin g . R ed u ctio n  
o f ( -) -o r ie n ta lin o n e  to o rie n ta lin o l 7  9 and the d ie n o l-b e n z e n e  
rearran gem en t, w ith  lo ss o f w a te r a ffo rd ed  (+ )-iso th e b a in e  8 0 .  T h is  
w a s su p p o rted  b y  fe e d in g  exp erim en ts to P a p a v e r  o r i e n t a l e  using  
tritiu m -la b elled  (at the N -M e  and at C - 1 0 )  o f  o rien talin o l epim ers. 
O n ly  one o f  the tw o  o rie n ta lin o ls  w a s in co rp o ra te d  w e ll into  
( + ) - is o t h e b a in e .
T h e  b io sy n th e tic  p a th w a y  b y co u p lin g  to n eo p ro a p o rp h in e s 1 30 
sh o w n  in S c h e m e  1 4  is the third p o ssib le  route. T h is , h o w e v e r, 
ra ises so m e ch a lle n g in g  qu estio n s as to its m ech an ism . S o  far, no 
n e o p r o a p o r p h in e s  h a v e  b een  is o la t e d  fro m  n a tu ra l s o u r c e s .  
A s s u m in g  that n eo p ro ap o rp h in es do e x ist, it w o u ld  be lik e ly  that 
th ey  c o u ld  be re d u c e d  in p lan ts and u n d ergo  a d ie n o l-b e n z e n e  
re a rran g em e n ts to fu rn ish  apo rph in e unsubstituted at C - 2 .
R
D i e n o n e - P h e n o l
R e a r r a n g e m e n t
( + ) -  C o r y d i n e
D i e n o n e - P h e n o l
R e a r r a n g e m e n t
i '
( + ) -  B o l d i n e  
( + ) -  D i c e n t r i n e  
( + ) -  G l a u c i n e
S ch em e  14. B io sy n th e s is  o f A p o rp h in e  A lk a lo id  by  C o u p lin g
to N eo p ro ap o rp h in es .
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3 . 1 . 3  P h a r m a c o lo g y
In te re s t  in  e v a lu a tin g  th e  b io lo g ic a l a c tiv i t ie s  o f  a p o rp h in e s  
s tem s fro m  th e ir  s tru c tu ra l re la tio n sh ip  to  a p o m o rp h in e  6 6 , w h ich  
h a s  b e e n  d e m o n s t r a te d  to  p r o d u c e  a d o p a m in e - l ik e  r e n a l  
v a so d ila tio n  in  d o g s 1 3 1  and to  have  a h y p ertensive  e ffec t on c a ts . 1 3 2  
A p o m o rp h in e  h y d ro c h lo r id e  w as found  to be h y p o te n s iv e ; in  la rg e r 
doses though  it  can  have  a h y p n o tic  effec t. I t a lso  ex e rted  a d irec t 
s tim u la tin g  a c tio n  on  th e  v o m itin g  ce n tre  in  th e  b ra in  and thus 
in i t ia te d  e m e s is . 1 3 0  T he  b io c h em ica l m ech an ism  o f ac tio n  is s till 
o b s c u re .
T h e  a p o r p h in e  a lk a lo id s  d is p la y  a w id e  r a n g e  o f  
p h a rm a c o lo g ic  a c t iv i t ie s ,  a l th o u g h  n o n e  h a v e  b ee n  p ro d u c e d  
c o m m e rc ia l ly .  1 ,2 -M e th y le n e d io x y a p o rp h in e  8 1  in c re a se d  a rte ria l 
b lo o d  p r e s s u r e ,  b u t  h ig h e r  d o s e s  c a u s e d  s t r y c h n in e - l ik e  
co n v u ls io n s . T he m e th o x y h y d ro x id e  sa lt had a c u ra re - lik e  action .
1 , 2  - M e  t h y l e n e d i o x y  a p o r p h i n e 81
Is o th e b a in e  8 0  in c reased  in te s tin a l m usc le  to n e  in rab b it and 
a lso  a m p lif ie d  c o n tra c tio n s  in  th e  ra t. O th e r  a c tiv i t ie s  o b se rv e d  
in c lu d e  d e c re a se d  m o to r a c tiv ity  and an a lg es ia  (m ice ) and  an a n ti­
in f la m m a to ry  e f fe c t (ra ts ) .
G la u c in e  6 7  red u ce d  b lood  p re ssu re  and  in h ib ite d  re sp ira tio n  
in ca ts  and had  an titu ss iv e  e ffec ts  resem b lin g  co d e in e , bu t o f longer
c h 3o
A lkalo id  PO -3 8  3
C orunn ine  8  4
8 6
d u ratio n . In rats and cats a p o te n tia lly  u se fu l h y p o g ly c e m ic  e ffe c t  
w a s o b se rv e d  at 1 2 m g/k g d o ses.
B u lb o c a p n in e  7 1  a ffe c te d  the cen tra l n ervo u s sy ste m  and 
c a u s e d  c a ta to n ia . B o ld in e  8 2  had a m ild  se d a tiv e , d iu retic, and 
a n tip a ra sitic  a ctio n , and also  in cre a se d  the secretio n s o f  the liv e r  
and s a liv a r y  g lan d s.
3 . 1 . 4  O x o a p o r p h in e  A l k a lo i d s
T h e  o x o a p o rp h in e  a lk a lo id s  are m o st p ro b a b ly  d e riv e d  in  
p la n ts  b y  o x id a tio n  o f  the c o rre sp o n d in g  a p o rp h in e s. S e v e r a l  
n a t u r a l l y  o c c u r r i n g  o x o a p o r p h in e s  w it h  th e  7 - k e t o - 4 H -  
d ib e n z o [d e ,g ]q u in o lin e  sk e le to n  are p re s e n tly  k n o w n . T h e y  are  
fo u n d  in  m em b ers o f  the A n n o n a c e a e . A r a c e a e , H ern an d iace a e , 
L a u r a c e a e ,  M a g n o l i a c e a e ,  M e n i s p e r m a c e a e ,  M o n i m e a c e a e ,  
P a p a v e ra c e a e  and R a n u n c u la c e a e . 1 3 3
T h e  o xo ap o rp h in es can be d ivid ed  into tw o  distin ct subgroups. 
T h e  la rg e r  one is m ade o f  w e a k ly  b a sic , n on p h en o lic com pou n ds  
w h ic h  are b rig h t y e llo w  or o ran ge y e llo w  in co lo u r. T h e se  are 
w ith o u t e x ce p tio n  h igh  m eltin g and u su a lly  sh o w  a deco m p o sitio n  
p o in t ra th e r than an a ctu a l m e ltin g  p o in t. S in c e  th ey p o sse ss  
co n ju g a ted  c a rb o n y l fu n ctio n s th ey sh o w  IR  absorption  bands near 
1 6 5 0  c m - 1 . A d d itio n a lly , this su b gro u p  o f  o xo ap o rp h in es turn red  
upon add itio n  o f  acid , and their C H C I 3 solutions sh ow  a green ish  
f lu o r e s c e n c e .
T h e  s m a lle r  su b g ro u p  o f  o x o a p o rp h in e s , w h ic h  p re se n tly  
in clu d es o n ly  the a lk alo id s P O -3  8 3  and corunnine 8 4 ,  co n sists o f  
h ig h -m e lt in g , m o n o p h e n o lic  q u a te rn a ry  N -m e th o -s a lts  w h ic h  are  
green in neutral to b asic  solutions and red in acid.
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L i r i o d e n i n e  8 5  w a s  the firs t  o x o a p o rp h in e  a lk a lo id  to be  
iso la te d  fro m  n atu ral so u rces and to be fu lly  c h a ra cte rise d . 1 3 3
L i r i o d e n i n e  8 5
T h e  p resu m ed  o xid a tio n  o f  an aporph in e into an o xo ap o rp h in e  
in n atu re c a n  b e d u p lica te d  in the la b o ra to ry , u su a lly  u sin g  eith er  
c h ro m iu m  tr io x id e  in p y rid in e  c o m p le x  or m a n g a n e se  d io x id e  as 
o x id iz in g  a g e n ts. T h u s, lir io d e n in e  w a s  o b tain ed  b y  o x id a tio n  o f  
e it h e r  u s h in s u n in e  8  6 o r ro e m e rin e  8 7 ,  w h i le ,  1 , 2 , 9 , 1 0 -  
t e t r a m e t h o x y o x o a p o r p h in e  w a s  p r o d u c e d  fr o m  g la u c in e  6 7  
O x o a p o r p h in e  c a n  t h e r e fo r e  b e p r e p a r e d  in  v i t r o  e ith e r b y  
s y n t h e s is  v i a  P s c h o r r  c y c l i s a t i o n  o r b y  o x id a t io n  o f  the  
c o r r e s p o n d in g  a p o rp h in e  b a se . T h e  o x id a tio n  o f  a p o rp h in e s  to  
o x o a p o r p h in e s  in n atu re  is su b sta n tia te d  fro m  the fa c t  that in  
s e v e r a l  in s t a n c e s , the c o r re s p o n d in g  a p o rp h in e  or n o ra p o rp h in e  
b a se s are fo u n d in the sam e plant.
Ushinsunine 86 Roemerine 87
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O x o a p o rp h in e  c a n  b e re d u c e d  w ith  z in c  in H C 1 o r u nder  
C lem m en sen  co n d itio n s to n o rap o rp h in es; thus, lan u gin o sin e 8 8  w as  
red u ced  to x y lo p in e  89 and liriod en in e 85 to anonaine 90.
L irio d e n in e  has sh o w n  sig n ific a n t c y to to x ic  in h ib ito ry  a c tiv ity  
in v i t r o  a g a in s t  c e lls  d e riv e d  fro m  h u m an  c a r c in o m a  o f  the 
n a s o p h a r y n x .
o c h 3 o c h 3
Lanuginosine 88 Xylopine 89
H
3.1.5 Genus T a l a u m a
T h e  gen u s T a l a u m a  co m p rises about 1 5  sp e cie s o f  trees or 
shrubs fro m  E a s t  A s ia , So u th  A m e r ic a  and Ja p a n 1 3 5 , o f  w h ich  four 
sp ecies h a v e  been in v e stig a te d  c h e m ic a lly .
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3 .1 .5 .1  T a l a u m a  m e x i c a n a
Talauma mexicana  w as the  f irs t  spec ies  to  be rep o rted  in  the 
l i t e r a tu r e .  In  1 9 4 8 , P a l la r e s  a n d  Garza* 3 6 is o la te d  a new
b e n z y lis o q u in o lin e  a lk a lo id  n am ed  a z te q u in e  91  from  the leaves of 
th is  p la n t.
A z t e q u in e  9 1
K a m e t a n i 137, in  an a ttem p t to  re iso la te  the  a lka lo id  az tequ ine  
f r o m  T a l a u m a  m e x ic a n a  is o la te d  th e  o x o a p o rp h in e  a lk a lo id , 
l ir io d e n in e  85 in s te a d  o f  the  p re v io u s ly  d esc rib ed  a lk a lo id .
T he leaves o f  T. mexicana are used  as a ca rd ioac tive  d ru g . 1 3 6
3 .1 .5 . 2  T a l a u m a  h o d g s o n i
C h e m ic a l in v e s tig a tio n  o f T. hodgsoni rev ea led  the p resence  
o f  th e  o x o a p o rp h in e  a lk a lo id s , l ir io d e n in e  8 5  and  la n u g in o s in e  
88 . 138
3 .3 .3  T a l a u m a  o b o v a t a
In  1985, P la n tin e t and  h is g ro u p 1 3 9  rep o rted  the  f irs t iso la tion  
o f  n o ra p o rp h in e  a lk a lo id s  in  th e  g en u s  T a la u m a .  T o g e th e r  w ith  
th e s e  a lk a lo id s ,  la n u g in o s in e  8 8  w as a lso  iso la te d , th is be ing  the
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f i r s t  r e p o r t  o f  th e  c o - o c c u r r e n c e  o f  n o r a p o r p h in e s  and  
oxo apo rp h in es in the gen u s T a l a u m a .
T h e  n o rap o rp h in e a lk a lo id s, an o lo b in e 9 2 ,  asim ilo b in e 9 3  and 
x y lo p in e  8 9  to geth er w ith  la n u g in o sin e  8 8  w e re  iso la ted  fro m  the 
bark o f  T. o b o v a t a .  N o  detailed  sp ectral data w e re  reported.
Anolobine 92 Asimilobine 93
3 . 1 . 5 . 4  T a l a u m a  o v a t a
T h is sp ecies is the o n ly  one reported o f the gen u s T a l a u m a  
that does not con tain  alk alo id s. H o ffm an n  e t  af i^O  reported that the 
petro leu m  eth er e x tra c t o f  the ro o ts sh o w ed  a c t iv it y  to w ard s the 
hum an ep id erm o id  c a rcin o m a  o f  the n a so p h a ryn x  test syste m . On  
ch em ical exam in atio n , the c y to to x ic  a c tiv ity  w a s id en tified  w ith  the 
com p ou n d co stu n o lid e  9 4 .
Costunolide 94
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A n o th e r  s p e c ie s , T a l a u m a  s i n g a p u r e n s i s  w a s  repo rted  to 
co n tain  a lk a lo id s alth o u gh  no c h e m ic a l w o rk  had been pu b lish ed  so
f a r . 1 4 1
N o  c h e m ic a l e x a m in a tio n  o f  T a l a u m a  g i t i n g e n s i s  has been  
fo u n d  in the literatu re.
3.1.5.5 Talauma gitingensis
In a stu d y o f  the d istrib u tion  o f  a lk a lo id -co n ta in in g  plants on 
P a la w a n  Isla n d , P h ilip p in e s, one p lan t that g a v e  a p o sitiv e  test fo r  
alk alo id s in the fie ld  w a s  id en tified  as T a l a u m a  g i t i n g e n s i s  E lm . o f  
the f a m ily  M a g n o lia c e a e , an e n d e m ic  p la n t lo c a l ly  k n o w n  as 
“ an o b lin g ”  or “ b a tan g is” . T h is  plant is found fro m  northern L u z o n  to 
M in d a n a o , and is  co m m o n  in h ills and fo rests at lo w  and m edium  
a lt it u d e s . 1 4 2
P r e lim in a ry  a n tim ic ro b ia l stu d ies on this p la n t re v e a le d  that 
the a lc o h o lic  e x tr a c t  e x h ib its  a n tib a c te ria l a c t iv it y  a g a in st gram  
p o s itiv e  and gram  n e g a tiv e  b acteria .
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3.2 RESULTS AND DISCUSSION
T h e  a lco h o lic  e x tra c t o f  th e  d ried  g ro u n d  leav es  o f  T a laum a  
gitingensis  on f ra c tio n a tio n  y ie ld ed  a g reen  re s in o u s  C H C I3 e x t r a c t  
w h ich  c o n ta in e d  th e  c ru d e  te r tia ry  a lk a lo id s . T h is  e x tra c t show ed  
s trong  a n tib a c te r ia l a c tiv ity  ag a in s t Bacillus subtilis (A T C C  6633) at
8.5 x 104  m g /m l.
3.2.1 Isolation and Structure Elucidation of Tg-3A-1
T h e  a lk a lo id  e x t r a c t  on  f r a c t io n a t io n  by  f la s h  c o lu m n  
c h ro m a to g ra p h y  u s in g  C H C I3 y ie ld ed  a lem o n  ye llow  so lid  upon  
c o n c e n t r a t i o n  in vacuo.  O n  p u r i f ic a t io n  by  p re p  T L C  and  
r e c ry s ta l l is a t io n  fro m  C H C I3 , f in e  y e llo w  n e e d le - lik e  c ry s ta ls , m p 
2 6 8 - 2 7 0 °  (d ec .)  w ere  o b ta in ed . T he U V  sp ec tru m  o f th e  c ry s ta l in 
C H C I 3 sh o w ed  m a x im u m  a b so rb a n c e  a t A,max 2 6 8 n m  and  309 nm  
s u g g e s t in g  a 1 ,2  d io x y g e n a te d  a ro m a tic  s y s te m . 1 4 3  A fu rth e r  
a b so rp tio n  a t 415  nm  im p lied  th a t th e  y e llo w  co lo u r w as due to a 
h ig h ly  c o n ju g a te d  sy stem . T he m ass sp e c tru m  gave  a m/z  o f 275 
co rre sp o n d in g  to  a m o le cu la r  fo rm u la  o f C 1 7 H 9 N O 3 . T he 14 double 
b ond  e q u iv a le n ts  a re  acco u n te d  fo r by 5 r in g s  and  a d o u b le  bond. 
T h is , to g e th e r  w ith  the  low  h y d ro g en  in te g ra tio n  o b se rv ed  from  its 
iH  N M R  sp e c tru m  (F ig u re  2 6 ) su g g e s te d  th e  b e n z y liso q u in o lin e
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structure of the aporphine alkaloids. The IR spectrum showed an 
absorption at 1664 cm"1 which was assigned to the carbonyl group 
of a ketone while absorptions at 2960, 1490, 1425, 1367, 1265, 
1125 and 1045 c m '1 were diagnostic peaks for the presence of 
methylenedioxy groups. 144
The *H NMR integrated for only 9 protons, seven of which 
were observed to resonate in the aromatic region. A singlet at 
66.39 (H-12) integrating for two protons was assigned to the 
equivalent protons of the methylenedioxy group. On comparison 
with the resonances of the isoquinoline protons, the doublet 
observed at 58.92 was assigned to H-5 of the pyridine ring 
resonating more downfield (lit. 68.50) due to the presence of the
C=0 group in conjugation with the pyridine ring. Another doublet at 
57.90 was assigned to H-4 being coupled to H-5 by 5.0 Hz as an AB 
system. The singlet at 57.23 was assigned to H-3 and was shifted 
upfield by 0.5 ppm due to the effect of the substitution at C-l and 
C-2 with the methylenedioxy group. The above assignments led to 
the structure of fragment A.
57.23 57.90
F r a g m e n t  A
The remaining four aromatic signals at 58.67, 57.78, 57.61 and 
58.59 were assigned to the protons of ring D. The doublet doublet
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resonating at 58.67 was assigned to H-8 which on comparison with 
the resonances of benzene protons (57.27) differed by 1.4 ppm. The 
downfield shift was attributed to the presence of the electron- 
withdrawing C =0 group at ring C which caused deshielding effect on 
H-8. Irradiation of H-8 caused the signal at 57.78 to simplify to a
doublet of doublets hence was assigned to H-9. Another signal, 
57.68, split to a ddd was assigned to H-10. This assignment was 
confirmed with the collapse of the triplet doublet signal at 57.78 to 
a doublet doublet on irradiation of H-10. The remaining aromatic 
signal at 58.59 was assigned to H - ll  as the X part of an AMX 
system with H-9 and H-10. All these aromatic signals formed ring D 
and labelled fragment B of the aporphine alkaloid.




F r a g m e n t  B
Preparation of the oxime derivative of Tg-3A-1 confirmed the 
presence of a carbonyl group in ring C. The Tg-3A-1 was found 
identical with the oxoaporphine, liriodenine. Liriodenine was the 
first oxoaporphine isolated in nature from Liriodendron tulipifera 
(Magnoliaceae) by Buchanan and Dickey.144 Direct comparison (mp, 
mmp, TLC , UV and NMR) with an authentic sample of liriodenine 
obtained from Prof. I. R. C. Bick (University of Tasmania) confirmed 
the structure of Tg-3A-1.
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3 . 2 . 2  I s o l a t i o n  o f  t h e  N - a c e t y l  d e r i v a t i v e s  o f  th e  
N o r a p o r p h i n e  A l k a l o i d s
By reference to the literature, it was anticipated that 
noraporphine alkaloids might co-occur with the oxoaporphine Tg- 
3A-1 and that they might prove difficult to isolate. N-acetyl 
derivatives were therefore prepared to stabilised these alkaloids 
and at the same time to improve separation. The crude alkaloid 
fraction was acetylated with acetic anhydride in pyridine. The 
acetylated product was purified by HPLC yielding Tg-3A-1 and the 
N-acetyl derivatives of Tg-3A-2 and Tg-3A-3. A strong N-acetyl 
signal at 52.20 ppm confirmed the presence of an acetyl group in 
the noraporphine alkaloids.
3 . 2 . 2 . 1  S t r u c t u r e  E l u c i d a t i o n  o f  N - A c e t y l - T g - 3 A - 2
The N-acetyl derivative of Tg-3A-2 was obtained as a white 
amorphous solid with a mp of 227-229°. The UV bands at Xmax 330 
and 272 nm in chloroform solution indicated a 1,2 dioxygenated 
aromatic system 145 while the IR spectrum on comparison with the 
spectrum  of Tg-3A-1 showed the same absorptions for the 
diagnostic peaks of methylenedioxy group143 and the absorption
F ig u r e  2 7 .  *H N M R  S pectrum  o f N -A ce ty l-T g -3 A -2  [400 M H z, C D C I3 , re ferenced  at 5 7 .2 5 ) .
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bands of the carbonyl group of a tertiary amide at 1649 cm"1. The 
compound gave a m/z  of 307.1210 by HREIMS for the formula 
C19H17NO3 giving 12 double bond equivalents, two double bonds 
less than the isolated oxoaporphine, indicative of a noraporphine 
structu re .
The 1R  NMR spectrum of N-acetyl Tg-3A-2 (Figure 27) was 
complex, arising from the resonances of the two rotational isomers 
which occur due to the restricted rotation about the N-COCH3 
g r o u p .146 Two separate signals in the ratio of 2:1 for each 
contributing isom er were observed accounting for the slow 
exchange on the chemical shift time scale of the rotational isomers 
in solution. Previous workers have not reported the existence of 
these two isomers.
The absence of the absorbance at 415 nm in UV spectrum of 
Tg-3A-2 was consistent with tetrahydroisoquinoline structure. 
Comparison of the lH  NMR spectrum of N-acetyl-Tg-3A-2 with 
Tg-3A-1 showed differences in the upfield region suggesting an 
aporphine nucleus with a 4H dibenzo[de,g]quinoline structure Two 
doublets centred at 56.09 and 55.97 instead of the singlet at 56.3 9
were observed and were assigned to the two protons of the 
methylenedioxy group (H-12) which are non-equivalent due to a 
twisted biphenyl system. The isolated H-3 (57.23, s) at ring A 
observed in the spectrum of Tg-3A-1 was replaced with two 
singlets at 56.58 and 56.61 for the two isomers of N-acetyl-Tg-3A-2. 
The occurrence of the signal at the upfield region was caused by the 
loss of conjugation with ring B being non-aromatic. The other 
aromatic protons at ring D were assigned based on the decoupling 
experiments; H - ll  resonating at 58.11 as a doublet of doublets. 
Overlapping resonances for H-8, 9, 10 are observed at 57.24 -7.32
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and  d if fe r  f ro m  th e  re so n a n c e s  o f th e se  p ro to n s  in  the  o x o ap o rp h in e  
T g-3A -1  as a re su lt  o f  th e  lo ss o f co n ju g a tio n  due  to  th e  absence  o f 
the O O  group in  ring  C.
T w o - d i m e n s i o n a l  H o m o n u c l e a r  ^ H ^ H )  C o r r e l a t i o n  
sp e c tro sc o p y  (C O S Y )98’99, N u c lea r O v erh au se r E ffec t (nO e) D iffe rence  
sp e c tra  and  1- D s e le c tiv e  d e c o u p lin g  e x p e rim e n ts  w ere  u sed  to 
fu lly  c h a ra c te r is e  N -a c e ty l-T g -3 A -2  p a r tic u la r ly  w ith  re sp e c t to  the  
m e th y len e  p ro to n s  o f rin g s B and C.
T he c o n fig u ra tio n  a t C -6a  fo llo w ed  th e  e s tab lish ed  ru le  fo r the 
a p o r p h in e s  w h e r e b y  a n e g a t iv e  r o ta t i o n  in d ic a t e s  th e  R 
c o n f ig u ra tio n  an d  a p o s it iv e  ro ta t io n  th e  S a r r a n g e m e n t.123 T he 
H -6a at the  ju n c tio n  o f rings B and C w as p ro p o sed  to be in  the axial 
p o s it io n  w ith  N -a c e ty l-T g -3 A -2  b e in g  le v o ro ta to ry  in  c h lo ro fo rm . 
T h is m e th in e  p ro to n  (H -6a) w as ass ig n ed  to the  signa l a t 85.20  (dd, 
J1 0 .0 , 4 .0 H z ) fo r  th e  m a jo r  iso m e r and  at 54 .69  p p m  (dd , J1 4 .0 , 
5 .0H z) fo r the  m in o r iso m er. F ig u re  28 show ed  the p a rtia l N M R  
ass ig n m en ts  o f th e  p ro to n s  at r in g s  A and D fo r N -ace ty l-T g -3 A -2 .
66.58/56.61 *AA/WW*
♦AAAAAA/*
65.20 (major isomer) 
64.69 (minor isomer) 67.24-7.32
Figure 28. P artia l l U N M R  A ss ig n m en ts  fo r N -A c e ty l-T g -3 A -2 .
A ss ig n m e n t o f  th e  re so n a n c e s  fo r th e  p ro to n s  a t C -4 , -5 and 
-7 w ere  d if f ic u l t  d u e  to  o v e r la p p in g  re so n a n c e s  fo r  th e se  p ro to n s . 
D e c o u p lin g  e x p e r im e n ts  a lo n e  p ro v e d  in a d e q u a te  in  re so lv in g  the
Figure 29. COSY NMR Spectrum of N-Acetyl-Tg-3A-2




signals of the methylene protons. However, by interpretation of a 
2-D COSY spectrum (Figure 29), the chemical shift assignments for 
the C-7 methylene protons as well as their orientations were 
a tta ined .
The axial H-6a was used as a marker to enable easy analysis 
of the spectrum for N-acetyl-Tg-3A-2. The methine signal at 55.20 
for H-6a of the major isomer was found to be coupled by 5.0 Hz to 
the resonance at 53.16 (dd, 1H) assigned to H-7eq. Decoupling the 
signal at 53.16 (H-7eq) loses the 5.0 Hz coupling, with the signal at 
55.20 (H-6a) collapsing to a doublet (J14.0Hz) hence an axial- 
equatorial relationship for the two protons. An 11.6% enhancement 
of the 53.16 signal was observed from the nOe difference spectrum 
when H-6a at 55.20 was irradiated suggesting the proximity of the 
two protons (H-7eq and H-6a). Cross peaks from the 2-D
COSY spectrum showed H-6a signal at 55.20, to be coupled also to 
the complex signals at 52.78-2.86 assigned to the proton at C-7. 
Decoupling 52.78-2.86 (H-7ax) simplified the signal at 55.20 (H-6a) 
to a doublet (J5.0Hz) losing its 14.0Hz coupling. Thus H-7ax and H-6a 
shared an axial-axial-relationship.
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The COSY spectrum showed the methine proton at 54.69 (H-6a, 
minor isomer) to correlate with the signals at 53.16 and 52.78-2.86 
assigned to the C-7 protons. On irradiation at 53.16, the signal at 
54.69 (H-6a) became a sharp singlet eliminating the 14.0Hz coupling 
between these protons for an axial-axial relationship. Based on 
these results, the complex signals at 52.78-2.86 arises for the H-7 at
equatorial proton to that of H-6a. These suggested assignments 
were confirmed when the signal at 52.70-2.86 was irradiated 
resulting in a doublet with a J14.0Hz for 54.69 (H-6a). Irradiation at
53.16 (H-7ax) showed an nOe enhancement of 13.8% onto 54.6 9 
(H-6a).
The doublet of doublets at 53.98 was found to correlate with
53.28 as shown from their crosspeaks observed in the COSY 
spectrum. A 15.4% nOe enhancement onto 53.28 was obtained after
53.98 was irradiated. These two signals were assigned for the
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methylene protons at C-5 of the major isomer, which was expected 
to resonate downfield due to its proximity to the amide group. Two 
other signals, 84.95 and the complex signals at 82.60-2.77, coupled 
to each other by 2.0Hz were assigned for the two protons at C-5 of 
the minor isomer.
Among the three sets of methylene protons of rings B and C, 
the protons at C-4 were expected to resonate at the upfield region. 
The overlapping signals at 82.60-2.77, integrating for 2H and 0.33H 
suggest that the methylene protons at C-4 lies underneath these 
complex signals together with the resonances for one of the proton 
of C-5 of the minor isomer. Irradiation of this complex signal causes 
the 84.95 resonance to collapse to a singlet supporting the above
deduction. The complexity of the signals prevented assignments for 
the orientation of the C-4 protons.
Decoupling experiments showed the phenomenon of negative 
nOe caused by the slow exchange process in the NMR time scale.109 
Irradiation at 84.95 (H-5, minor isomer) gave rise to a negative nOe 
onto 83.98 (H-5, m ajor isom er) alongside with a positive 
enhancements for both signals at 83.28 (H-5, major isomer) and 
82.60-2.77 (H-5, minor isomer). This behaviour clearly showed that 
slow exchange magnetisation was occuring during the irradiation 
time hence the observed effect. This also suggests that 84.95 signal 
would have the same orientation (axial or equatorial) as the 83.98 
signal for the most stable conformation. The same follows for the 
signals at 83.28 and 82.60-2.77.
To assign the orientation for C-5 protons and at the same time 
determ ine the conform ation of the major isom er, Nuclear 
overhauser effect (nOe) difference experim ents were used. 
Irradiation at the signal at 83.98 (H-5, major isomer) resulted in
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2.6% enhancem ent onto 52.22 (CH3, amide, major isomer) as 
compared to a 7.0% increase in intensity of 52.22 when the signal at
53.28 (H-5, major isomer) was irradiated. This suggested that the
53.28 signal was closer in space to the methyl group of the amide 
functionality, in agreement for an equatorial orientation of H-5 
relative to the methyl group. Thus, the multiplet at 52.60-2.77 (H-5,
minor isomer) could be assumed to have an equatorial position 
since it was established (nOe difference spectrum) that these signals 
were the counterpart of H-5eq (53.28) for the minor isomer. All of 
these data pointed to the signals at 53.98 (H-5, major isomer) and 
54.95 ( H-5, minor isomer) to have an axial orientation.
M a jo r  Is o m e r
To assign the conformation of the most stable structure, an 
nOe, irradiating at 83.16 (H-7eq) was carried out. No enhancement 
was observed onto the 82.22 signal suggesting the possibility that 
the isomers existed in a 2:1 ratio favouring the Z-form (Figure 30). 
Interpretation of an absence of a particular enhancement at one 
proton may be risky at some point for the absence may be due to 
causes other than a long distance between the spins involved.109 
This observed result from the nOe difference spectrum conformed 
with the assignment of the axial proton at C-5 to the signal at 84.98 
due to the deshielding effect of the carbonyl functionality of the 
amide group. The Z-form was preferred over the E-form, in which
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Figure 30. The Two Rotational Isomers of N-Acetyl-Tg-3A-2.
the C-7 protons experienced a crowding effect due to the proximity 
of the methyl group of the amide functionality. The 1H NMR 
assigments of the Z and E isomers were summarised in Table 17.
Resonances for both the Z and the E isomers were also 
obtained from the 13C NMR spectrum of N-acetyl-Tg-3A-2 with a 
total of 38 signals observed from the spectrum. Assignments were 
done by com parison to those reported by A chenbach147 for 
Anonaine and were presented in Table 18.
The structure for N-acetyl-Tg-3A -2 is identical to the 
noraporphine alkaloid, anonaine, first isolated from A n o n a  
r e t i c u l a t a  (Annonaceae) by Santos.148 Since then it has been 
isolated from species of the Annonaceae and Magnoliaceae families. 
Confirmation of the structure was established by direct comparison 
(lH  NMR) with an authentic sample of anonaine provided by Prof.
Andre Cave.
Table 17. ]H NMR Assignments for the Z and E Isomers of 
N-Acetyl-Tg-3A-2.a
z E
-O -C T E -O - 6.09/5.97 (2H) 6.09/5.97 (2H)
H - 3 6.58 (1H, s) 6.61 (1H, s)
H - 4ax 2.58-2.77 (1H, m) 2.58-2.77 (1H, m)
H - 4eq 2.58-2.77 (1H, m) 2.58-2.77 (1H, m)
H - 5ax 3.98 (IH, dd, J 12,1 Hz) 4.95 (1H, dd, J 12,1 Hz)
H - 5eq 3.28 (1H, td, J 12,1 Hz) 2.58-2.77 (1H, m)
H - 6a 5.20b (1H, dd, J 10,4 Hz) 4.69 (1H, dd, J 14,5 Hz)
H - 7ax 2.78-2.86 (1H, m) 3.16 (1H, dd, J 14,4 Hz)
H - 7eq 3.16 (1H, dd, J 14,4 Hz) 2.78-2.86 (1H, m)
H - 8 7 .24-7 .32  " 7 .24 -7 .32  ^
H - 9 7 .24-7 .32 ► (3H, m) 7 .24 -7 .32 y (3H, m)
H - 10 7 .24-7 .32 j 7 .24-7 .32 j
H - 11 8.11 (1H, dd, J8,l Hz) 8.11 (1H, dd, J8,l Hz)
CH3 amide 2.22 (3H, s) 2.19 (3H, s)
aC D C l3 relative to TMS, Z :E  ratio (2:1).
E lite ra ture value fo r an axial H is 55.18 7 4 9
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T a b le  18. 13C NMR Assignments for the Z and E Isomers of
N-Acetyl-Tg-3A-2.a
Carbon Z-isom er E-isom er
C -l 143.2 (142.5, s) 143.0
C-2 147.0 (146.8, s) 147.5
C-3 107.5 (108.0, d) 108.0
C-3ab 128.8 (1287, s)
C-4 29.5 (29.6, t) 30.0
C-5 42.0 (43.6, t) 36.5
C-6a 50.5 (53.6, d) 54.0
C-l 33.5 (37.4, t) 36.0
C-7a 136.0 (135.4, s) 135.5
C-8 128.5 (128.1) 128.5 (128.1)
C-9 128.0 (127.5) 128.0 (127.5)
C-10 127.5 (127.1) 127.5 (127.1)
C -l 1 -cb 127.0 (127.0 ) 127.0 (127.0)
C - l l - a 130.5 (131.4, s) 131.0
C - l l b 118.0 (116.3, s) 117.0
C - l l - b 126.0 125.0
-O-CH2- 101.0 (100.6, t) 100.0
C=0, amide 167.0 167.5
c h 3 22.5 21.5
R eferenced  relative to CDCI3 , 877.0; values in parentheses are for 
anonaine [CDCI3 , 250 MHz] ̂ 7  
b m ay be in terchanged
“t—j p t —*—V-  V T ~ r - l - f ' i " |  1—1 ' I  »-----1-----» T  "f-----I-----1-----1-----1-----------1-----r
’ ' ’ •’ f1 ' ' ' ' ’ I
F ig u r e  3 1 .  NMR Spectrum of N-Acetyl-Tg-3A-3 [400 MHz, CDCI3, referenced at 57.25].
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3 . 2 . 2 . 3  S t r u c t u r e  E l u c i d a t i o n  o f  N - a c e t y l - T g - 3 A - 3
The minor N-acetyl noraporphine alkaloid, Tg-3A-3, was 
obtained as a white amorphous solid, mp 210-211°C. The the 
HREIMS gave a molecular ion of mlz 337.1312 which corresponds 
to C20H19NO4 giving the same double bond equivalent as N-acetyl- 
Tg-3A-2 suggesting similarity in their parent structure. The 31 
mass unit difference evident from its mass spectrum suggested for 
the presence of a methoxy substituent. Its optical rotation 
[oc]d = -417° suggested an axial orientation of H-6a, identical to the 
major noraporphine alkaloid isolated, Tg-3A-2. The position of the 
methoxy substituent was established by comparison of its 1R  NMR 
spectrum (Figure 31) with that of N-acetyl Tg-3A-2.
The NMR spectrum showed the presence of a three proton 
singlet at 83.85 characteristic for a methoxy signal. All the signals 
for the protons at rings A, B and C were identical to those in 
Tg-3A-2 suggesting methoxy substitution of ring D. The aromatic 
protons for ring D were observed to resonate upfield due probably 
to the presence of the methoxy group. The presence of three 
aromatic signals at 58.04 (d, J8.0Hz), 86.90 (d, Jl.OHz) and 56.82 (dd,
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J 8 .0 , 1 . 0 H z )  su p p o rte d  e ith e r C - 9  or C - 1 0  su b stitu tio n . H o w e v e r ,  
b e tw e e n  H - l l  and H - 8 ,  the fo rm e r  w a s  e x p e c te d  to re so n ate  
fu rth e r d o w n fie ld  d u e to the d e sh ie ld in g  e ffe c t  o f  the a d ja cen t  
aro m atic rin g  A .  T h u s, the do u b let at 5 8 .0 4  w a s a ssig n e d  to H - l l  
e sta b lish in g  C - 9  su b stitu tio n . T h is  s ig n a l w a s  c o u p le d  as an A X  
sy ste m  to 5 6 .8 2  (a ss ig n e d  to H - 1 0 )  w h ile  the d o u b let w ith  m eta­
co u p lin g  at 5 6 .9 0  is  H -8 .
T w o  sets o f  reso n an ces w ere  also  o b served  fro m  the *H  N M R  
sp ectru m . P a ra lle l a n a ly se s  w ith  T g - 3 A - 2  sh o w e d  the Z -is o m e r  to 
e x is t  p r e fe r e n tia lly . A l l  the d ata  p o in ted  to N - a c e t y l - T g - 3 A - 3  as 
id e n tic a l to the n o ra p o rp h in e  a lk a lo id  x y lo p in e . S c h m u lt z 15 0  has 
p r e v io u s ly  is o la te d  x y lo p in e  fro m  X y l o p i a  d i s c r e t a .  O n ly  one 
o ccu rren ce  o f  this n orapo rp h in e alk a lo id  in the gen us T a l a u m a  has 
b een  c i t e d .1 3 9  A  d ire ct co m p a riso n  ( * H  N M R )  w ith  an authentic  
sam p le  o f  x y lo p in e  p ro v id e d  b y  D r. R ic h a rd  I. W illin g  ( C S I R O ,  
M e lb o u rn e ) esta b lish ed  the id en tity  o f  T g - 3 A - 3 .
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3 .3  SUMMARY AND CONCLUSION
In a stu d y  o f  a lk a lo id -c o n ta in in g  p lan ts on P a la w a n  Islan d , 
P h ilip p in e s, one p lan t that g a v e  a p o sitiv e  test fo r a lk alo id s in the 
field  w a s identified as T a l a u m a  g i t i n g e n s i s  E lm . (M a g n o lia c e a e ), an 
en dem ic plant lo c a lly  k n o w n  as "a n o b lin g " or "b a tan g is".
T h re e  o f  the fo u r sp e cie s o f  the gen u s T a la u m a  w h ich  h ave  
been  in v e stig a te d  c h e m ic a lly  co n tain  a lk a lo id s. T h e  o xo ap o rp h in es  
lirio d en in e and la n u g in o sin e  h a v e  been iso lated  fro m  T. m e x i c a n a , 
T. h o g s o n i  or T. o b o v a t a , w h ile  the noraporphine x y lo p in e  has been  
isolated fro m  T. o b o v a t a  .
P re lim in a ry  w o rk  on T. g i t i n g e n s i s  su ggested  the p resen ce o f  
an o x o a p o rp h in e  a lk a lo id  to g e th e r w ith  n o ra p o rp h in e  a lk a lo id s. 
S in c e  a literatu re  s u r v e y  re v e a le d  that n orap o rp h in es m igh t p ro ve  
d iffic u lt  to iso la te , N -a c e t y l  d e riv a tiv e s  w e re  prepared to stab ilise  
the a lk a lo id s and to fa cilita te  separation. T h is  chapter d escrib ed the 
iso la tio n  and c h a ra c te risa tio n  o f  the n o rap o rp h in es x y lo p in e  and 
a n o n a in e  as th e ir N - a c e t y l  d e r iv a tiv e s  fro m  the le a v e s  o f  T .  
g i t i n g e n s i s , t o g e t h e r  w it h  l ir io d e n in e . T h e  e x is t e n c e  o f  
c o n fo rm a tio n a l iso m e rism  fo r the N -a c e t y l  d e riv a tiv e s  is d escrib ed  
fo r the first tim e together w ith  a com p lete N M R  ch aracterisatio n  
o f  th e  c o m p o u n d s  b y  1 - D  d e c o u p lin g  e x p e r im e n t s , n O e  
e n h a n ce m e n t and 2 - D  C O S Y  s p e c tr o s c o p y . P r e v io u s  N M R
ch a ra cte risa tio n  o f  these co m p o u n d s w a s  p o o r b y  to d a y 's  standards 
c o n s id e r in g  th e s p e c t r o s c o p ic  a d v a n c e s  p a r t ic u la r ly  in  N M R  
tech n iq u e s.
CHAPTER 4




In the se a rch  fo r  n o v e l a lk a lo id s  fro m  P h ilip p in e  flo w e rin g  
p la n ts , a c o m m o n ly  c u lt iv a te d  o rn a m en ta l fo lia g e  sh rub g a v e  a 
h e a v y  p re c ip ita te  w ith  M a y e r 's  re a g e n t in the a lk a lo id  fie ld  test. 
T h is plant w a s  id en tified  to be Graptophyllum pictum  o f the fam ily  
A c a n t h a c e a e .
T h e  f a m i ly  A c a n t h a c e a e  is  k n o w n  to b e a so u rc e  o f  
q u in azo lin e a lk a lo id s (F ig u re  3 2 ) .  T h e  q u in azo lin e n u cleu s o ccu rs in 
r e l a t i v e l y  f e w  a lk a lo id s  an d  h a s an in te r e s t in g  ta x o n o m ic  
d istrib u tio n . T h e s e  ty p e s o f  a lk a lo id s  h a v e  been  fo u n d to o ccu r  
to g e th e r w ith  h a rm a n  a lk a lo id s  in the fa m ily  Z y g o p h y lla c e a e ,  
sp e c ific a lly  in the sp ecies Peganum harmala L .
Figure 32. Q u in a z o lin e  N u c le u s
T o  d ate, th ere is  no re p o rted  litera tu re  on the c h e m ica l  
co n stitu en ts o f  this p lan t nor on an y other sp e cie s o f the genus  
Graptophyllum.
4.1.1 G r a p t o p h y l l u m  p i c t u m  (L.) Griff.
Graptophyllum pictum  ( L .)  G r if f .  (A c a n th a c e a e ) is lo c a lly  
k n o w n  in  n am es su ch  as k a lp u en g , sarasa, and b alab as. T h e  plant, 
p ro b a b ly  a n a tiv e  o f  P o ly n e s ia  is n o w  c u ltiv a te d  in m ost tro pical 
c o u n t r ie s . 1 5 1
T w o  typ es o f G. pictum are kn ow n  in the Ph ilippines. T h e form  
c a lle d  "m o r a d o " w ith  d u ll, b ro w n ish -p u rp le  le a v e s  is the m o st
1 0 8
co m m o n ; the other fo rm  h as green  le a v e s, blo tch ed along the m idrib  
w ith  w h ite  p a tch e s.
L o c a lly ,  an in fu sio n  o f  the le a ve s is used as a diuretic and can  
cu re  co n stip atio n . T h e  le a v e s  are used as an em o llien t p o u ltice  on 
skin  u lcers and s w e llin g s . T h e  ju ic e  is used as a treatm ent fo r ear 
a c h e .
O z a k i e t  a l l 5 2  repo rted  the a lc o h o lic  e x tra ct o f  this plant to 
e x h ib it  a n tiin fla m m a to r y  as w e ll  as a n a lg e s ic  a c t iv it y  in the 
c a r a g e e n in -in d u c e d  h in d -p a w  e d e m a  test and a c e tic  a c id -in d u c e d  
v a s c u la r  p e rm e a b ility  as w e ll as the w rith in g  syste m  in m ice. T h e  
a c t iv it y  w a s  lo c a lis e d  in the m e th a n o l-so lu b le  fra c tio n s w ith  the 
a c tiv e  co m p o u n d  ch a ra cterise d  as a fla v o n o id .
P r e lim in a r y  a n tim ic r o b ia l stu d ie s  on the c ru d e  a lc o h o lic  
e x tra c t  o f  th is p la n t co n d u cte d  at the R e s e a rc h  C e n tre  fo r the 
N a tu ra l S c ie n c e , P h ilip p in e s  re v e a le d  that it in h ib ited  both gram  
p o s itiv e  { B a c i l l u s  s u b t i l i s )  and gram  n eg a tiv e  { E s c h e r i c h i a  c o l i  and 
P s e u d o m o n a s  a e r u g i n o s a )  b acteria.
A lth o u g h  m a n y  p h a rm a c o lo g ic a l stu d ies on the cru d e extract  
o f this p lan t h a v e  been reported , little  is k n o w n  about its ch em ical 
c o n stitu e n ts. T h u s, w o rk  w a s  ca rrie d  out in ord er to iso la te  the 
a lk a lo id s that w e re  su p p o se d ly  presen t b ased on the resu lts o f the 
a lk a lo id  fie ld  test. In stead , a fa ls e -p o sitiv e  alk alo id  id en tified  to be 
a h y d r o x y  terpen e w a s iso lated .
109
4 .2  R E S U L T S  A N D  D I S C U S S I O N
D ried  le a v e s  o f  G r a p t o p h y l l u m  p i c t u m  on extractio n  w ith 9 5 %  
E tO H  y ie ld e d  a dark  green  re sin o u s m aterial ( 1 7 4  g , 2 1 . 8 % )  w h ich  
on p a r t it io n in g  b e t w e e n  E t 2 0  and 1 %  H 2 S O 4 , fo llo w e d  b y  
a lk a lin is a tio n  an d  e x tr a c tio n  w ith  C H C I 3 g a v e  a green  resin o u s  
m aterial ( 2 .3 8  g). T h e  C H C I 3 fra ctio n , after colu m n  ch ro m ato grap h y, 
P T L C  and H P L C  a ffo rd e d  a w h ite  am o rp h o u s so lid  fa ls e -p o s itiv e  
alk alo id  lab elle d  as G p -7 8  ( 5 .0 8  m g) (F ig u re  3 3 ) .
F ig u r e  3 3 .  S tru ctu re  o f  G p -7 8 .
G p - 7 8  g a v e  a m / z  o f  2 2 4 . 1 3 0 7  ( H R E I M S )  co rresp o n d in g to a 
m o le c u la r fo rm u la  C 1 3 H 2 0 O 3 in d icatin g  4  d ou b le bond equ ivalen ts. 
T h e  UV sp e ctru m  sh o w e d  an a b so rb a n c e  at ^msix 2 5 2  (S3 14 8 ) 
su ggestin g  a C = 0  group in con ju gation  w ith  a double bond . 1 42  The IR  
s p e c tru m  s h o w e d  a s ig n a l at 1 6 5 0  c m - 1  a ssig n e d  to an a ,p -  
u n satu rated  k e to n e , a s ig n a l at 1 3 8 0  c m - 1  fo r  a g em in al m eth yl 
gro u p  and at 9 7 5  c m ' 1 fo r  a tran s-su b stitu ted  do u b le bond o f an 
e n o n e . 1 4 5  A  stron g ab so rp tio n  at 3 4 0 0  c m - 1  w a s a ssig n ed  to a 
h y d r o x y l  g ro u p  w h o se  p re se n c e  w a s  a lso  c o n firm e d  b y  a D 2 O 
e x ch a n g e a b le  sign al in the N M R  at 5 1 . 5 5  (br s).
T h e  i H  N M R  o f  G p - 7 8  (F ig u re  3 4 )  sh o w ed  the o ccu rren ce o f  
three o le fin ic  p ro to n s, fo u r 3 H  sin g le ts (m eth yl g ro u p s), tw o  non-
- J — 1--------- 1---------1--------- 1---------1---------1--------- 1---------1--------- 1---------1---------1---------»--------- 1---------•---------1---------1---------»--------- 1---------1-------- 1--------- «--------- »---------»--------- »---------1--------- *---------*--------- I--------- t ---------1--------- *---------1--------- »---------»---------1---------1--------- 1---------1---------1--------- p — I--------- 1---------1--------- 1---------p
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F ig u r e  3 4 .  1 H  N M R  Sp ectrum  o f G p -7 8  [4 0 0 M H z , C D C I 3 , referenced at 5 7 . 2 5 ] .
ppm
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eq u iv a le n t m eth ylen e protons and a m ethine proton o ccu rrin g  as a 
m u lt ip le s
S ig n a ls  at 8 0 .9 9  and 8 1 .0 8 ,  in tegrating fo r 3  protons each , are 
co n sisten t w ith  a g e m in a l d im eth yl gro u p ( H - 1 2  and H - 1 3 ) .  T h e  
m eth yl g ro u p  re so n a tin g  fu rth er d o w n fie ld  at 8 1 .8 9  ( H - l l )  w a s
assign ed to a m eth yl group attached to an o lefin ic  group w h ile  the 
signal at 8 1 .3 0  ( H -1 0 )  is in agreem ent w ith a m ethyl group p to an 
o x y g e n .
T h e o lefin ic  proton at 8 5 .8 9  (H -6 ) w as found to be a lly lic a lly  
cou p led to the m eth yl sign al at 8 1 .8 9 .  T h e  tw o  m u tu a lly  co u p le d  
o lefin ic  protons at 8 5 .7 9  (H -7 )  and 8 5 .8 4  (H -8 ) in d icated  a tran s- 
substituted d o u b le bond.
A  quintet at 8 4 .4 0  (H -9 ) integrating for 1 H is coupled to the 
m ethyl gro u p at 8 1 .3 0  ( H -1 0 )  and to the o lefin ic  proton at 8 5 . 8  4
( H - 8 ), and w a s  a ss ig n e d  to the se c o n d a ry  h y d r o x y l c e n tre . 
R eso n an ces fo r an A B  (2 H ) system  centred at 8 2 .2 4  and 8 2 .4 4  w ere
also found and assign ed to the non -equivalen t H -2  protons.
T h e 1 3 c  N M R  spectrum  o f G p -7 8  assigned by com parison with  
literatu re d a t a 1 5 3 *1 5 4 , show ed a C = 0  sign al ( 8 1 8 6 .0 ) ,  fo u r o le fin ic  
sign als ( 8 1 3 5 .9 ,  8 1 2 9 . 1 ,  8 1 2 7 .0  and 8 9 7 .9  ppm ), three o f w h ich  w ere  
protonated, and fou r m ethyl sign als at 8 2 4 .1 ,  8 2 3 .8 , 8 2 2 .9  and 8 1 8 . 8  
ppm . A  lo w  in tensity sign al at 8 7 9 .1  w a s assign ed  to the tertiary  
h y d ro x yl centre, C -4 ,  w h ile  a m ore intense signal at 8 6 8 .0  ppm  w a s  
assign ed to the se co n d ary  h y d ro x y l, C -9 . T h ese  data are con sisten t  
with the proposed structure o f G p -7 8  (F igu re  3 3 ) .
A n  id e n tic a l co m p o u n d , v o m ifo lio l 1 ^ 5 9 5 ,  ( 4 - h y d r o x y - 4 - ( 3 -
h y d r o x y - 1 - b u t e n y l) -3 ,  5 ,  5 , - t r im e t h y l-c y c lo h e x e - l -o n e ) ,  has been  
p re v io u sly  iso lated  fro m  the flo w e rs  o f R c u i w o l f i a  vowii toKic i  A f z  
( A p o c y n a c e a e ) .  S u b se q u e n tly  the sam e co m p o u n d  w a s  iso la te d ,
I l l
using  the nam e B lu m en o l A , 1 5 6  from  Podocarpus blumei E ndl. H orn 
et. a / . 1 5 7  s u g g e s te d  th a t B lu m e n o l A sh o u ld  be c o m p a re d  to  
th e a s p iro n e  9 6  b ased  on th e ir  c lo se  b io g e n e tic  re la tio n sh ip  and  
th e re fo re  th e  s te re o c h e m is try  o f  B lu m en o l A shou ld  be (4S ,9S ). N o 
p ro o f  h o w ev e r w as p resen ted . In the  sam e year, N ak an ish i et. a / . 1 5 8
3
o
V o m if o lio l  (B lu m e n o l A ) 95 T h e a s p i r o n e  96
d e f in e d  th e  s te r e o c h e m is try  o f  B lu m e n o l A as (4 S ,9 R )  by  
co m p ariso n  o f its  c irc u la r  d ic h ro ism  sp ec tru m  w ith  th a t o f a sem i­
sy n th e tic  c o m p o u n d .
In ou r co m p o u n d , th e  s te re o ch e m is try  a t C -4 w as e s tab lish ed  
by a n u c le a r  o v e rh a u s e r  e f f e c t  (n O e ) d if fe re n c e  e x p e rim e n ts . 
Irrad ia tio n  o f the signa l at 51.89 (H -13 ) show ed  en h an cem en t o f the 
signal at 51.56 ass ig n ed  to  the  te rtia ry  h y d ro x y l g roup , and o f the 
o le fin ic  s ig n a l a t 55 .84  (H - 8 ). N o  e n h a n c e m e n t on the  h y d ro x y l 
s ig n a l a t C -4  w as o b se rv ed  upon  irra d ia tio n  o f the  s igna l at 5 5 .7  9 
(H -7 ). T h ese  o b se rv a tio n s  w ere  c o n s is te n t fo r  an a -o r ie n te d  -O H
g roup  ass ig n in g  the  s te re o ch e m is try  to  be 4S
G p-78 has [oc] d  +40.0  (c = 0 .22 , C H C I3 ) com pared  w ith  a value 
o f [<x] d  + 233 ( c = l ,  C H C I3 ) fo r  B lu m e n o l A . C irc u la r  d ic h ro ism  
d e te rm in a tio n  (M eO H ) fo r  G p-78  gave  A E 2 3 5  + 36.4  and AX3 1 7  - 3.0 
co m p ared  w ith  the  CD  (M eO H ) value  fo r B lum eno l A o f A E 2 4 2  +96 
and  A E 3 1 7  -4 .4 . L a c k  o f  an  a u th e n tic  sa m p le  o f  B lu m e n o l A
p re v e n te d  d ire c t c o m p a riso n  a lth o u g h  a ll o f  the  sp e c tro sco p ic  d a ta
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obtained co n fo rm ed  to that o f  B lu m en o l A  w ith  the excep tion  o f the 
C D  data w h ich  is q u a lita tiv e ly  but not q u an titatively  the sam e.
R e c e n tly , a related  co m p o u n d  in am o sid e 9 7  has been isolated  
fro m  O p h i o r r h i z a  p u m i l a ,  sh o w in g  c o -e x is te n c e  o f  this typ e o f  
co m p o u n d  w ith  harm an a lk a lo id s . 1 5 9
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4.3. SUMMARY AND CONCLUSION
T h is  in v e s t ig a t io n  p r e s e n ts  th e  f i r s t  r e p o r te d  c h e m ic a l  
e x a m in a tio n  o f  th e  sp ec ie s  Graptophyllum pictum  and  the iso la tio n  
o f th e  te rp e n e  a lc o h o l, B lu m e n o l A , fro m  th e  fam ily  A ca n th ac eae  
and the  genus Graptophyllum.
T h is  study  a lso  se rv es as a good  ex am p le  o f  the  iso la tio n  o f a 
f a ls e -p o s it iv e  a lk a lo id  and  su p p o rts  th e  f in d in g s  o f  F a rn s w o r th 1 6 0  
th a t  n o n - n i t r o g e n o u s  c o m p o u n d s  a re  c a p a b le  o f  r e s p o n d in g  
p o s it iv e ly  w ith  a lk a lo id  p re c ip ita tin g  ag en ts . In h is study , he found  
th a t  th e  m in im u m  s tru c tu ra l  f e a tu re  n e c e s s a ry  in  c e r ta in  n o n ­
a lk a lo id  c o m p o u n d s  fo r  a p o s it iv e  re a c tio n  is a co n ju g a ted  ca rbony l 
(k e to n e  o r a ld eh y d e ) o r la c to n e  fu n c tio n .
G p -7 8 , id e n tic a l  to  B lu m e n o l A , and  w h ich  c o n ta in s  th is  
s tru c tu ra l fe a tu re  th u s  a p p e a rs  to  b e h a v e  as an a lk a lo id . S im ila r 
b e h a v io u r  w as o b se rv e d  fo r  th e  re la te d  co m p o u n d  io n o n e  9 8 .
P o u sse t and  P o is s o n 1 5 5  re p o rte d  th a t v o m ifo lio l (B lu m en o l A) 
w as a lso  is o la te d  d u rin g  th e ir  a tte m p t to  iso la te  bases  fro m  the 




ISOLATION AND STRUCTURE 
ELUCIDATION OF ALKALOIDS FROM 
PANDANUS AMARYLLIFOLIUS
1 1 4
5 . 1  I N T R O D U C T I O N
T h e  gen u s P a n d  a n u s  o f the fa m ily  P a n d a n a ce a e  is fou nd  
th ro u g h o u t the t r o p ic s . 1 6 1  T h is  gen u s o f w o o d y  plan ts co m p rises  
som e 6 0 0  sp e cie s o f  w h ic h  5 2  h a v e  been reported to o ccu r in the 
P h i l i p p i n e s . 1 6 2  T h e  le a ve s o f genus P a n d a n u s  g ro w  up to 1 5  feet 
and b e in g  to u g h  are g e n e r a lly  u sed fo r  w e a v in g  alth o u gh  som e  
sp e c ie s  are  r e c o g n is e d  as m e d ic in a l p la n ts . 1 6 3  T h e se  le a v e s  are 
often arm ed w ith  stron g p rick le s , h ooked fo rw a rd s in one line and 
b a c k w a rd s in an other, in a w a y  w h ich  p ro tects them  fro m  grazin g  
a n im a ls .
T h e  gen us Pandanus  is not w e ll studied ch em ica lly  w ith only  
4  sp e c ie s  rep o rted  in the literatu re. Pandanus tec tor ius 1 6 4  and 
Pandanus la t i fo l iu s 1 6 5  w e re  fo u n d  to co n tain  stero ls and the
terp en e, lin a lo o l, r e s p e c tiv e ly . A lk a lo id s  w e re  fo u n d  in tw o  other 
sp e c ie s , P. veitchii and P. amaryllifolius . T h e  d ia s te re o iso m e rs ,  
( 2 S , 4 R ) - 4 - h y d r o x y - 4 - m e t h y l g l u t a m i c  a c id  9 9  and ( 2 S , 4 S ) - 4 -  
h y d r o x y - 4 -m e th y lg lu ta m ic  a c id  1 0 0  w ere  isolated fro m  P. veitchii 
s e p a ra te ly  b y  tw o  g r o u p s .1 6 3 ’ 1 6 ^ R e c e n t ly ,  2 - a c e t y l - 1 - p y r r o l i n e  
1 0 1 , the sam e com p ou n d  re sp o n sib le  fo r the odour o f scented rice, 
has been iso lated  fro m  the le a v e s  o f Pandanus amaryllifoliusT 6  ̂
A l k a lo id s  h a v e  b e e n  d e te c te d  in an u n id e n tifie d  s p e c ie s  o f  
Pandanus  169  and in Pandanus odoratissimus 1 70  (syn o n ym o u s w ith  
P. amaryllifolius) but these h ave not been isolated and identified.
1 1 5
COOH 
H2N~- C — H
ch2
HO —  C — CH3 
COOH
( 2 S , 4 R ) - 4 - H y d r o x y  
- 4 - m e t h y lg lu t a m ic  a c id  
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( 2 S , 4 S ) - 4 - H y d r o x y  
- 4 - m e t h y l g l u t a m i c  a c i d
10 0
2 - A c e t y l  - 1 - p y r r o l i n e101
4 - H y d ro x y g lu ta m ic  a c id  1 0 2  has been  fo u n d  p re v io u s ly  in  
sp e c ie s  su ch  as Phlox decussata1^ ^ , Hemerocallis f u l v a 1 7 2  and 
Linaria vulgaris 1 7 3  w h ile  4 -h y d ro x y -4 -m e th y lg lu ta m ic  ac id  is a 
w e ll k n o w n  p la n t  c o n s t i tu e n t . 1 7 4 - 1 7 7  G lu ta m ic  ac id  1 0 3 , a know n 
p re c u rs o r  o f m an y  am in o  a c id s , is w id e ly  d is tr ib u te d  in  h ig h e r  
p la n ts  and  p lay s a key  ro le  in  m e tab o lic  reac tio n s .
COOH COOH
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Recently, a novel alkaloid Pandamarine 104 was isolated and 
identified by X-Ray crystallography from the leaves of P a n d a n u s  
a m a ry l l i fo l iu s ,178 From the X-ray structure it was shown that the 
piperidine ring is in the chair conformation and is perpendicular to 
the lactam ring.
5.1.1 P a n d a n u s  am aryl l i fo l ius  Roxb.
This species which is also known as Pandanus odoratissimus 
has been introduced in the Philippines and is now cultivated as an 
ornamental plant. This plant, which forms groves in valleys and 
hillsides, was originally from Southern Asia but also occurs in India, 
Iran and Malaysia. Locally, the plant is known as "pandan- 
mabango" or in English, fragrant screwpine.
The plant is an erect and branched shrub with a height of 
2-3 m and a trunk bearing few to many proroots. The 1.5 m long,
3.5 cm wide, smooth, slenderly lanceolate and fragrant leaves are 
spirally crowded toward the ends of the branches. The numerous
Figure 35. Pandanus amaryllifolius (Pandanaceae) Plant.
1 1 7
white flowers are fragrant, pendulous and densely disposed. They 
mature into 4-6 cm. long, broadly egg-shaped, fibrous and fleshly 
fruits (Figure 35).161
P a n d a n u s a m a r y l l i f o l i u s  l e a v e s
95% ETOH
A lc o h o l  e x tr a c t
partitioned between EtjO 
and 1 % H2 SO 4
I I
E t 2 0  fraction Aqueous layer
alkalinised to pH 9-10 
extract with CHCI3
f 1





P a - 3 A - l
PTLC, SGF2 5 4 
C H C l3:Hex 80:20
RP HPLC 
80% CH3 CN/H2 O
P a - 3 A - 2
PTLC, SGF254 
C H C l3:EtOH 90:10
RP HPLC 
100% CH3 OH
P a - 3  A- 3
PTLC, SGF254 
C H C l3:EtOH 95:5
RP HPLC
Gradient elution  
with CH3 C N /H 2 O
fP a n d a m a r i la c t o n e - 1  P a n d a m a r i l a c t o n e - 2
P a n d a m a r i l a c t o n e - 3 1
P a n d a m a r i l a c t o n e - 3  2
t
S c h e m e  1 8 .  S ch em a tic  D iag ra m  fo r the Iso latio n  and  
P u rificatio n  o f the P a n d a n u s  a m a r y l l i f o l i u s  A lk a lo id s .
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5.2 RESULTS AND DISCUSSION
Four novel alkaloids were isolated from the CHCI3 fraction of 
the P .  a m a r y l l i f o l i u s  leaves, three of which were fully characterised 
while the fourth alkaloid was partially elucidated. Each of the 
alkaloids were purified using different chromatographic methods as 
shown in Scheme 18. These alkaloids were found to oxidise easily 
and changed from pale yellow to brown colour on standing thus 
posing difficulty in their purification.
5.2.1 P an dam arilac tone-1  (Pa-3A-1)
Pandamarilactone-1, labelled as Pa-3A-1, absorbed at l max 
275.0 and 203.8 nm consistent with an oc,p-unsaturated carbonyl 
g r o u p .145 Its IR spectrum showed absorption bands at 1764 c m '1 
agreeing with a oc, p -unsaturated five-membered ring lactone and 
at 1695 cm-1 for an enol ether.145 A molecular ion at m l z  317.1635 
was obtained by HREIMS which conformed for C18H23N O 4 and gave
21
? h3
T ab le  19. and 13C NMR Assignments for Pandamarilactone-1 
[500 MHz, CDCI3, referenced relative to residual CHCI3 
at 57.25 (1H) and 577.0 (13C)].
Carbon !H, 5 (multiplicity, integration, J in Hz) 13C, 8
2 171.0
3 129.2
4 6.98 (d, 1H, 1.2Hz) 137.6
5 148.6
6 5.04 (t, 1H, 8.0Hz) 113.7
7 2.31 (qt, 2H, 7.2Hz) 24 .0
8 1.54 (quintet., 2H, 7.2Hz) 27 .2
9 2.45 (t. 2H, 7.0Hz) 50.7
1 1 2.79 (t, 2H, 7.0Hz) 47 .2
1 2 1.72 ( m, 6H) 20.8
1 3 1.72 ( m, 6H) 25.1
1 4 1.72 ( m, 6H) 36 .2
1 5 101.7
1 6 6.68 (d, 1H, 1Hz) 149.7
17 131.5
1 8 173.0
20 1.86 (s, 3H) 10.6
21 2.00 (s, 3H) 10.4
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8 double bond equivalents. The 1H NMR spectrum showed two 
methyl signals and three olefinic protons. The 13C NMR spectrum 
showed two carbonyls and six olefinic carbons thus indicating three 
rings in the molecule.
Structure elucidation of Pandamarilactone-1 was carried out 
using com bined 2-D NMR techniques such COSY, HMQC 
(H eteronuclear M ultip le Quantum  C oherence) 179 and HMBC 
(Heteronuclear Multiple Bond Correlation).179 Table 19 presents the 
summary of and 13C NMR assignments for Pandamarilactone-1 
(Pa-3A-1) obtained from the HMQC and HMBC spectra.
From the COSY spectrum (Figure 36), the olefinic protons at
86.98 (q, J1.2Hz, H-4) and 86.68 (q, J1.2Hz, H-16) were allylically 
coupled to the methyl singlets at 82.00 (H-21) and 81.86 (H-20)
respectively. The triplet at 85.04 (1H, J8.0Hz, H-6) was coupled to 
82.31 (2H, H-7) which in turn correlates with 81.54 (2H, H-8). This 
methylene group at 81.54 (H-8) showed a COSY crosspeak to the 
triplet at 82.45 (H-9).
56.98 52.00 §6.68  51-86
I
Figure 36. ^H-^H COSY NMR Spectrum of Pandamarilactone-l 
[400 MHz, CDCI3, referenced at 87.25].
120
The triplet at 62.79 (2H, H -ll)  showed a COSY crosspeak to a 
multiplet centred at 61.72 (H-12,-13, and -14) which integrated for 
6 protons.
The one-bond iH - ^ C  correlation was acquired by the inverse- 
detection HMQC. This NMR technique was considered more sensitive 
than other heteronuclear NMR experiments for detection of the 13c 
signals through the protons attached to it. From the TOCSY 
(Appendix 2) and HMQC (Figure 37) crosspeaks, fragments A, B, and 
C were formed and are shown below.
62.00
F r a g m e n t  A
multiplet
centred at 6 1 .7 2  
(620.8, 625.1, 636.2 )
F r a g m e n t  B
x .  y
F r a g m e n t  C
WlS«l NCI*to
WQC «1th no*u '■•tiuctio'i
Figure 37. Expanded Regions of Inverse-Detection ( 'H - ^ C )  Heteronuclear Multiple Quantum Coherence 
(HMQC) NMR Spectra of Pandamarilactone-1 [500 MHz, CDCI3, referenced at 87.25 (^H) and 877.0 (l^C )].
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The 2-D homonuclear (COSY and TOCSY) and the one-bond 
heteronuclear (HMQC) NMR experiments could not provide the 
information necessary to form the connectivity between the three 
fragments. Thus, another 2-D Heteronuclear NMR technique was 
utilised. Long range !H -13C Heteronuclear Multiple Bond Correlation 
(HMBC) by inverse detection was then used for establishing the 
connectiv ities betw een the observed fragm ents. This NMR 
technique conveniently provides the means of assigning quaternary 
carbons thereby assembling the carbon skeleton and it also allows 
establishment of connectivities across heteroatoms thus giving the 
chem ist ex trem ely  pow erful structu ra l inform ation . HMBC 
experim ent were considered more sensitive compared to other 
!H -13C NMR correlation experiments. The 2-D COLOC (Correlation by 
LOng range Coupling) suffers low sensitivity and yields spectral 
intensities that are modulated by the size of both the one-bond Jc h  
coupling and the hom onuclear proton coupling while the 1-D 
selective INEPT experiment has the disadvantage of requiring exact 
adjustm ent of pulse width and are time consuming if a large 
number of connectivities are to be considered.
The long range HMBC NMR experiment was optimised to 
observe an 8.0Hz coupling between ^H and 13C which may arise 
from two to three bond couplings.
From the HMBC spectrum (Figure 38), the olefinic proton at
86.98 (H-4) showed crosspeaks at 5171.0 (C =0, C-2) and a 
quaternary carbon at 8148.6 (C-5). On the other hand, the methyl 
group at 82.00 (H-21) showed correlations with 8171.0 (C-2), 8137.6 
(C-4) and 5129.2 (C-3) carbons. The quaternary carbon at 5148.6 
(C-5) showed connectivity with H-6 at 85.04.
F i g u r e  3 8 .  Expanded Regions of Inverse-Detection (1H -13C) Heteronuclear Multiple Bond Correlation 
(HMBC) NMR Spectra of Pandamarilactone-1 [500 MHz, CDCI3, referenced at 57.25 ('H ) and 577.0 (13C)].
T he a lly lic a lly  co u p led  p ro to n  at 56.68 (H -16) show ed  carbon  
c o r re la tio n s  w ith  the re so n a n c e s  at 5173.0  (C = 0 , C -20) and to a 
q u a te rn a ry  c a rb o n  a t 5 1 0 1 .7  (C -1 5 ) . T h e  m e th y l g ro u p  w as
es ta b lish e d  to be co u p led  to 5149.7 (C -16) and 5131.5 (C -17 ). A ll 
these  d a ta  fo rm ed  the frag m en ts  below .
incorporated into the structure. A total of five double bond 
equivalents were already found hence leaving three D BE more to 
consider and these were assigned for 3 rings in the molecule.
The resonance at 52.45 integrating for 2H and a 13C chemical 
shift at 550.7 was consistent for a methylene group attached to a 
nitrogen and these were assigned to H-9 (52.45). The signal at 
5148.6 was in agreement for an olefinic carbon attached to a 
heteroatom such as oxygen. This formed the lactone part of the
Alchemyii P AND AM ARI LACTONE-1
TRIPOS Associates
S t  . I_CD l J i. i-3 . Mo
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molecule which was in accord with the IR absorption at 1764 cm '1. 
The other oxygen atom was assigned to the other lactone ring. The 
rem aining one DBE was assigned to form the 6-membered 
piperidine ring structure. All these data best fit the proposed 
structure for Pandamarilactone-1 (Pa-3A-1). NOe crosspeaks were 
observed from the ROESY spectrum between 56.98 (H-4) and 52.00 
(H-21) and 56.98 (H-4) and 55.04 (H-6).
The absolute stereochemistry at C-15 cannot be assigned from 
the NMR data alone. X-ray crystallography was not possible since 
insufficient m aterial was available to allow recrystallisation. 
Pandamarilactone-1 gave a specific rotation of -33 .0  which
arose due to the chirality observed at C-15. By comparison with 
Pandam arine 1 0 4 , it m aybe possible that the piperidine ring is 
perpendicular to the five-m em bered lactone ring. M olecular 
modelling using the Alchemy program with energy minimisation 
showed the most likely conformation of Pandamarilactone-1 with
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the six-membered ring in a perpendicular position to the lactone 
ring.
It was surprising to note that the previous novel alkaloid, 
p an d am arin e175 isolated from this same plant has two lactam rings. 
Pandam arilactone-1 has the same C9-N -C 9 skeleton as that for 
Pandamarine however on the basis of all the observed spectroscopic 
data, it was clear that our compound has a lactone functionality.
5.2.2 P an d am arilac to n e -3 2  (Pa-3A -32)
20
Pandamarilactone-32, labelled as Pa-3A-32, was obtained as a 
colourless solid and showed a UV absorption at ^max 325.4 
consistent with an a,(3-unsaturated five membered ring ketone with 
a nitrogen auxochrome attached to the (3 position, and at 278.6 nm 
which are in accord for a five-membered lactone.145 The IR 
spectrum showed a carbonyl signal at 1764 cm-1 for a vinyl ester; a
? h3
o
Table 20. and 13 C NMR Assignments for Pandam arilactone-32 
(Pa-3A-32) [CDCI3, referenced relative to the residual signals for 
CHCI3 at 57.25 (1H) and 577.0 (13C)].





4 6.98 (q, 1H, 2.0Hz) 137.0
5 149.0
6 5.09 (t, 1H, 8.0Hz) 111.6
7 2.39 (q, 2H, 8.0Hz) 23.6
8 1.77 (quintet, 2H, 8.0Hz) 27.8
9 3.30 ( m, 2H) 50.9
1 1 3.27 ( m, 2H) 48.0
1 2 1.85 (quintet, 2H, 6.0Hz) 21.1
1 3 2.33 (t, 2H, 6.0Hz) 18.0
1 4 113.0
1 5 168.0
1 6 3.16 (2H, br s) 30.9
1 7 141.0
1 8 188.0
1 9 5.89 (t, 1H, 1.0Hz) 110.8
1 9 5.14 (t, 1H, 1.0Hz) 110.8
20 2.00 (d, 3H, 2.0Hz) 10.6
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five carbon ring ketone carbonyl signal at 1710 cm '1; and an enol 
ether at 1667 c n r1.14* An m/z of 299.1521 (HREIMS) was obtained 
for the m olecular form ula C 18H 21N O 3 and 9 double bond 
equivalents. The l H NMR spectrum showed the presence of 1 
methyl signal and four olefinic protons. The 13C spectrum showed 
18 C and the APT (Attached Proton Test) spectrum showed 1 CH3, 8 
C H 2, 2 CH, and 7 quaternary carbons. Initially, it was thought that 
the compound had three carbonyl signals based on the observed 
molecular formula and the observed 13C signals at 5188.0, 5171.0 
and 5168.0. Difficulty in coming up with a logical structure that 
fitted all the NMR, UV and IR data made us question the MS value. 
However, the observed m/z  of 299 was further corroborated by 
LRFAB and electrospray MS180 techniques. Since the m/z s obtained 
from the three MS techniques were in agreement with each other, it 
was then suggested that the signal at 5168.0 was not due to a 
carbonyl group but instead to an olefinic carbon. Thus, 
Pandamarilactone-32 has only two carbonyl signals which was also 
in accordance with the IR data.
Structural elucidation of this alkaloid was carried out utilising 
the combined spectroscopic data obtained from 2-D COSY, TOCSY, 
ROESY, HMQC (Heteronuclear Multiple Quantum Coherence) and 
HMBC (Heteronuclear Multiple Bond Correlation) NMR techniques. 
Table 20 presents the summary of ^H and 13 C NMR assignments for 
Pandamarilactone-32 obtained from the HMQC and HMBC spectra.
The lH  NMR spectrum (Figure 39) showed 4 olefinic protons at
56.98 (q, J 2.0Hz, H-4), 55.89 (t, J 1.0Hz, H-19), 55.14 (t, J 1.0Hz, 
H-19), and the triplet at 55.09 (J 8.0Hz, H-6). From the COSY 
spectrum (Figure 40), the correlations between each of these 
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Figure 40. lH - *14 COSY NMR Spectrum of Pandamarilactone-32
[400 MHz, CDCI3, referenced at 57.25].
127
a lly l ic  c o u p lin g  to the m e th y l sig n a l at 5 2 .0 0  ( H -2 0 ) .  T h e  trip let at 
5 5 .0 9  (H -6 )  w a s  co u p le d  to the quartet at 5 2 . 3 9  ( H - 7 )  w h ic h  sh o w e d  
a c ro ss p e a k  to the s ig n a l at 5 1 . 7 7  (q u in te t, 2 H ,  H -8 ) .  A  m u ltip le t  
cen tred  at 5 3 . 3 0  ( H -9 )  in te g ra tin g  fo r  2 H  co rre la te d  w ith  the sig n a l 
at 5 1 . 7 7 .
A n o th e r  m u ltip le t c e n tre d  at 5 3 . 2 7  ( H - l l )  sh o w e d  a C O S Y  
c r o s s p e a k  w ith  the q u in te t at 5 1 . 8 5  ( H - 1 2 ) .  T h is  s ig n a l at 5 1 . 8 5  
sh o w e d  a co rre la tio n  w ith  the triplet at 5 2 . 3 3  ( H - 1 3 )  w h ic h  sh o w e d  
a lo n g ra n g e  co u p lin g  w ith  the sign al at 3 . 1 6  (br s, 2 H , H - 1 6 ) .  T h is  
b ro ad  sin g le t  at 5 3 . 1 6  sh o w e d  C O S Y  c ro ss p e a k s  to the s ig n a ls  at 
5 5 .8 9  ( H - 1 9 )  and 5 5 . 1 4  ( H - 1 9 )  due to a lly lic  co u p lin g .
T o  e sta b lish  fu rth e r the pro to n  c o n n e c tiv itie s  in the m o le cu le , 
a T O C S Y  e x p e rim e n t w a s  c a rrie d  out. F ro m  the T O C S Y  sp ectru m  
(A p p e n d ix  2 ) ,  the sig n a l at 5 5 .0 9  ( H -6 )  sh o w e d  a re la y e d  c ro ssp e a k  
to the sig n a l at 5 6 .9 8  ( H -2 0 ) .  T h e  sig n a ls  at 5 5 .8 9  ( H - 1 9 )  and 5 5 . 1 4  
( H - 1 9 )  sh o w e d  re la y e d  cro ssp e a k s to each  other. A ls o , the 5 2 . 3 3  (H -
1 3 )  s ig n a l  s h o w e d  w e a k  r e la y e d  c r o s s p e a k s  w ith  the o le f in ic  
p ro to n s at 5 5 .8 9  and 5 5 . 1 4 .  T h e  q u in tet at 5 1 . 8 5  ( H - 1 2 )  sh o w e d  
re la y e d  c ro ssp e a k  w ith  the sig n a l at 5 3 . 1 6  ( H - 1 6 ) .
l H - 1 3 C  c o r r e la t io n  w a s  e lu c id a te d  b y  2 - D  H e te r o n u c le a r  
M u ltip le  Q u an tu m  C o h e r e n c e  ( H M Q C )  in the in d irect m ode (F ig u re  
4 1 ) .  A l l  th ese data  g a v e  rise  to fragm en ts A  and B
A
Figure 41. Expanded Regions of Inverse-Detection ( ]H -13C) Heteronuclear Multiple Quantum Coherence 







F r a g m e n t  A
85.89
83.27/ 82.33/ 83.1 6/ H
Fragments A and B were joined together using the iH -13C long 
range 2-D Heteronuclear M ultiple Bond Correlation (HMBC) 
experiment optimised for 9.0Hz coupling between ! H and 13C 
(Figure 42). The proton at 56.98 (H-4) correlated with the carbon 
signal at 5149.0 (C-5) which showed crosspeaks with the protons at 
55.09 (H-6) and at 52.39 (H-7). The proton signal at 55.09 (H-6) 
attached to the carbon signal at 5111.6 (C-6), showed a long range 
coupling to a quaternary carbon at 5129.0 (C-3). A weak crosspeak 
was observed between the olefinic proton at 56.98 (H-4) and the 
quaternary carbon at 5129.0 (C-3). These connectivities observed 
from the HMBC spectrum led to the assignment of the olefinic 
carbon adjacent to the methyl group to have a carbon chemical shift 
of 5129.0. The quaternary carbon at 5171.0 (C-2) showed HMBC 
correlations with both proton signals at 52.00 (H-20) and 56.98 (H- 
4). These correlations established fragment C.
Figure 42. Expanded Regions of Inverse-Detection 0 H - 13C) Heteronuclear Multiple Bond Correlation 
(HMBC) NMR Spectra of Pandamarilactone-32 [500 MHz, CDCI3, referenced at 57.25 OH) and 577.0 (13C)].
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Information about the remaining portion of the molecule was 
achieved as follows. A second carbonyl signal at 8188.0 (C-18)
showed HMBC correlations with the vinylic protons at 55.89 (H-18) 
and 85.14 (H-18). The proton signal at 3.16 (H-16) showed 
crosspeaks with the three quaternary carbons at 5168.0 (C-15),
5141.0 (C-17), and 8113.0 (C-14). The signal at 5168.0 (C-15) 
showed connectivities with the protons at 52.33 (H-13), 83.16 
(H-16), 83.27 (H -l l )  and 53.30 (H-9) while the signal at 5113.0 
(C-14) showed HMBC crosspeaks with 53.16 (H-16), 52.33 (H-13) 
and 51.85 (H-12). This information afforded the other half of the 
molecule of Pandamarilactone-32 shown below as fragment D.
Fragm ent D
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The 13C chemical shifts at 550.9 (C-9) and 548.0 (C -ll)  with 
proton signals at 53.30 and 53.27 were consistent for methylene 
group attached to a nitrogen. The quaternary carbon at 168.0 (C-15) 
was assigned for an olefinic carbon attached to a nitrogen.178 The 
remaining oxygen was attached to Fragment C forming the five- 
m em bered ring lactone. Incorporating the nitrogen into the 
structure created a six-membered ring in fragment D and formed 
the linkage with fragm ent C thus the proposed structure for 
P andam arilac tone-32 .
From the ROESY spectrum (Appendix 2), nOe crosspeaks were 
observed between H-4 and H-6 and H-4 and H-20, establishing the 
stereochemistry at those positions.
This compound was found to be optically inactive which was 
expected from the established structure. Pandamarilactone-32 has 
the C9-N-C9 skeleton with a modification at the piperidine-lactone 
ring. The vinyl group adjacent to the carbonyl group would be 
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Figure 43. l U  NMR Spectrum of Pandamarilactone-31
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5.2.3 P an d am arilac to n e -3 1  (Pa-3A -31)
21
Pandamarilactone-31, labelled as Pa-3A-31, absorbed at a 
shorter wavelength, M195.0 nm, compared with Pa-3A-32. This was 
consistent with a vinyl lactone. The HREIMS gave a m / z  of 331.1940 
which best fits C 19H 25N O 4 , corresponding to 8 double bond 
equ iva len ts .  The NMR spectrum (Figure 43) of
Pandamarilactone-31 showed similar signals to those for 
Pandamarilactone-32 except that the signals for the methylene 
protons at 55.89 and 55.14 were missing. Four other proton 
resonances however were observed, the signals at 52.69 (d, 17.0Hz) 
and 52.45 (d, 17.0Hz) for a non-equivalent geminal protons, a 
methoxy signal at 53.20 (s, 3H) and a methyl singlet at 51.37. Again 
structure elucidation of this compound was carried out by 
comparison to Pandamarilactone-32 and by use of the 2-D NMR
Table 21. and 13C NMR Assignments for Pandamarilactone-31 
(Pa-3A-31) [CDCI3, referenced relative to the residual signals for 
CHCI3 at 57.25 (1H) and 577.0 (13C)].





4 6.99 (q, 1H, J1.2 Hz ) 137.0
5 149.0
6 5.10 (t, 1H, J8.0 Hz) 112 .0
7 2.39 (q, 2H, J7.6Hz) 23.0
8 1.76 (quintet, 2H, J7.6Hz) 28.0
9 3.27 (t, 2H, J5.6 Hz) 51.0
1 1 3.25 (m, 2H) 48.0
1 2 1.80-1.90 (m, 2H) 2 1 .0
1 3 2.25 (br td, 2H, J4.8, 1.2 Hz) 18.0
1 4 108.0
1 5 168.0
1 6 2.69 (d, 1H, J17.0 Hz) 37.0
2.45 (d, 1H, J17.0 Hz) 37.0
1 7 80.0
1 8 188.0
1 9 1.37 (s, 3H) 23.0
2 0 3.20 (s, 3H) 52.0
2 1 2.00 (d, 3H, J1.2Hz) 10.4
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exp erim en ts  p rev iously  m entioned  in the d iscussion  of 
P andam arilac  tone-3 2.
Table 21 presents the *H and 13C NMR assignm ents for 
Pandam arilactone-31 acquired from the HMQC (Figure 44) and 
HMBC spectra (Figure 45). A long range coupling were observed in 
the HMBC spectrum between the protons at 52.69 (H-16) and 52.45 
(H-16) and the methoxy signal at 552.0 (C-20), and the methyl 
signal at 523.0 (C-19) and the quaternary carbon at 5188.0 (C-18) 
for the fragment below.
Both the methoxy signal and the methyl signal showed an 
HMBC crosspeak with the quaternary carbon at 580.0. The 
assignments and ^ - ^ C  correlations for the rest of the molecule 






Figure 44. Expanded Regions of Inverse-Detection (^H -^C ) Heteronuclear Multiple Quantum Coherence 
(HMQC) NMR Spectra of Pandamarilactone-3I [500 MHz, CDCI3, referenced at 57.25 (!H) and 577.0 (13C)].
n  Ifpm t
Figure 45. Expanded Regions of Inverse-Detection Heteronuclear Multiple Bond Correlation
(HMBC) NMR Spectra of Pandamarilactone-31 [500 MHz, CDCI3, referenced at 57.25 (*H) and 577.0 (13C)].
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The stereochem istry at C-4 and C-6 were identical to 
Pandamarilactone 32. The stereochemistry at C-17 was not defined 
as not enough sample was available to recrystallise the sample for 
X-ray analysis. Initially it was thought that Pandamarilactone-31 
could possibly be an artifact. However this compound had not been 
in contact with methanol during the isolation process thus it is 
believed that it is a genuine natural product.
5.2.4 P an d am arilac to n e -2  (Pa-3A -2)
Pandam arilactone-2, labelled as Pa-3A-2, was initially  
purified by column chromatography but this was unsuccessful as no 
separation was obtained. Preparative TLC on silica developed in 
10% EtOH in CHCI3 provided the alkaloid although the appearance of 
another band at a lower Rf than Pa-3A-2 was always observed 
during the purification of this alkaloid particularly in silica. This 
band, which responded positively with Dragendorff reagent, was 
possibly a decomposition product of Pandamarilactone-2. A 2-D thin 
layer chromatography on silica showed that Pandamarilactone-2 
was sensitive to acid and brokedown to a more polar structure. This 
was further substantiated by the addition of a dilute acid to 
Pandam arilactone-2 which completely converted Pa-3A-2 to the 
more polar decomposition product observed earlier in its tic 
chrom atogram .
Purification by column chromatography on alumina using 
hexane and CHCI3 was attempted however, this also afforded 
Pandam arilactone-2 together with the decom position product. 
E fforts to isolate pure Pandam arilactone-2 failed, hence the
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structure elucidation of this alkaloid was carried out on an impure 
sample containing the more polar decomposition product.
The UV spectrum of the mixture showed absorption at 274 
nm which was consistent with an a, (3-unsaturated five-membered 
ring lactone with extended exocyclic double bond . 142 An absorption 
at 1764 cm"1 in the IR region conformed for an unsaturated five- 
ring system lactone. 145 LRFABMS gave a m l z  of 315. However, the 
same compound after repurification by HPLC on a reversed phase 
system with elution in CH3 OH showed molecular ions at 317 and 
345 by HREIMS. This clearly suggested that the compound was very 
unstable.
The l H  NMR spectrum still showed the presence of olefinic 
protons at 86.98 and 55.10 while the 15C spectrum showed the 
signals for the two carbonyl protons at 5171.0 and 8174.0. Working 
through the COSY, TOCSY, HMQC and HMBC NMR spectra provided 











The second half of the molecule was found difficult to 
establish with some signals being inconsistent in both the HMQC and 
the HMBC spectra. This observation indicated that the sample may 
be decomposing during the acquisition of the two heteronuclear 
spectra. Because of this uncertainty, the structural elucidation of 
this compound was not continued however this prelim inary 
investigation shows that it is related in structure to the other three 
alkaloids. Future work will be carried out to find a way to prevent 
the decomposition of the compound.
5.3. SUMMARY AND CONCLUSION
The leaves of Pandanus amaryllifolius  which showed slight 
antibacterial activity against Staphylococcus aureus and B aci l lu s  
subtilis  , afforded four alkaloids, three of which were established to 
have novel structures. Structural elucidation of the fourth alkaloid 
was not completed due to the instability of the alkaloid which made 
it difficult to characterise. The novel alkaloids, Pandamarilactone-1, 
Pandamarilactone-32 and Pandamarilactone-31, all contain a C9-N- 
C 9 skeleton with at least a five-membered lactone ring in the 
molecule. Pandamarilactone-31 and -32 are closely related to each 
o ther w ith the only d ifference being at C-17 where 
Pandam arilactone-31 has a methoxy group and methyl group 
attached at C-17.
It is most likely that the five-membered lactone was derived 
from 4-hydroxy-4-methylglutamic acid which has been identified 
in some higher plants. 182-184 Other 4-substituted derivatives of 
glutam ic acid such as 4-hydroxyglutam ic, 4-m ethylglutam ic, 
4 -m eth y  le n e g lu ta m ic , 4 -e th y lid e n e g lu ta m ic , 3 -h y d ro x y -4 -
m ethylglutamic, and 3,4-dihydroxyglutamic acid have also been
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Scheme 19. Proposed Biosynthetic Pathway for the Conversion of 
Leucine to 2-Carboxylic acid-4-m ethyl-oxacyclopent-3-ene-5-one 
or 2-C arboxylic acid-4-m ethyl-azacyclopent-3-ene-5-one.
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reported in higher plants.185' 190 A biosynthetic study conducted by 
Peterson and Fowden191 revealed that leucine was the biogenetic 
origin of 4-methylglutamic acid which was then converted to 
4-hydroxy-4-methylglutamic acid. This chemical could cyclise to 
the five-membered lactam (Pathway B) or via transamination 
which lead to the formation of a lactone (Scheme 19).
The carbon chain from C-6 to C-9 may possibly be derived
from a unit of glutamic acid. Looking closely to the structures of the
three novel P a n d a n u s  alkaloids, it is tempting to say that they are 
formed from two molecules of a condensation product of glutamic 
acid with 4-hydroxy-4-methylglutamic acid. It would be interesting 
to do the biosynthetic studies of these alkaloids to unambiguously 
established their biogenetic origin.
Future work to establish the absolute stereochemistry of
Pandamarilactone-1 and Pandamarilactone-31 will be carried out 
by preparing synthetic compounds of these alkaloids and possible 
chemical interconversions between these novel Pandanus  alkaloids.
It is intriguing to observed that Pandamarine, whose structure 
was elucidated using X-ray techniques, and Pandamarilactone-1
differ in structure only by the replacement of an NH by an O in the 
two heterocyclic rings. This is especially interesting since the 
extract from  which Pandam arilactone-1 was isolated, was . 
supposedly obtained from the same plant species collected at a 
different time and place. No pandamarine was observed in our 
experim ents.
At present we are unable to rationalise these findings 
however, the pathways shown in Scheme 19 may provide a possible 
explanation. If indeed the same P a n d a n u s  species from which 
P andam arine was iso la ted  has been studied here then
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environmentally-induced variability in transaminase activity could 
explain the difference in alkaloid profile (Scheme 19 Pathway B). 
Alternatively, a different species or subspecies may have been 
studied in the investigations reported here.
CHAPTER 6
BIOSYNTHESIS OF IP O M O E A  M U R IC A T A  
INDOLIZIDINE ALKALOIDS
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6.1 I N T R O D U C T I O N
In d o l iz id in e  a lka lo id s  co m p r is e  ab o u t  500  a lkalo ids  and have 
as the  cha rac te r i s t ic  fea tu re  a n i t rogen  a tom  w hich  form s par t  of  2  
or 3 d if fe ren t  r ings  (F igure  4 6 ) . 192 T he  in d o l iz id in es  are d is t r ibu ted  
am o n g  the E l a e o c a r p a c e a e , O r c h i d a c e a e , Ly c o p o d i a c e a e , and 
Convolvulaceae  families .
F i g u r e  46. I n d o l iz id in e  n uc leus
B i o s y n t h e t i c  s tu d i e s  on i n d o l i z i d i n e  a lk a lo id s  h a v e  been  
c a r r i e d  o u t  on the  a lk a lo id  t y lo p h o r in e  1 0 5 . 1 9 3 »194 F e e d i n g  
e x p e r i m e n t s  h a v e  e s t a b l i s h e d  th e  p o s s i b l e  o r i g i n  o f  th e  
p h e n a n t h r o i n d o l i z i d i n e  a l k a l o i d s ,  w i t h  t h e  a m i n o  a c i d s ,  
p h e n y l a l a n i n e 1 9 5 , t y r o s i n e 1 9 6  and  o r n i t h i n e 1 9 5  found  to be 
p re c u rso r s  (S c h e m e  20).
T y l o p h o r i n e  1 0 5
1 3 9
Scheme 20. Biosynthesis of Tylophorine 105.
1 4 0
Toxic indolizidine alkaloids, swainsonine 106 and slafranine 
107 isolated from R h izo c to r iu s  leguminicola  were found to be 
derived from L-lysine via L-pipecolinic acid (Scheme 21) with 
1-oxoindolizidine as the branch point in the biosynthetic pathway 
to indolizidines.197
L y s in e
V
Scheme
1 - o x o in d o l iz id in e  L -p ipeco lin ic  acid
21. Biosynthesis of Indolizidine Alkaloids via Pipecolinic
Acid.197
The genus Ip o m o ea  of the family Convolvulaceae comprises 
17 species. However, only three species, Ipomoea alba, I. muricata 
and I. hardwickii, have been reported to contain alkaloids. In 1969,
R
H Ip a lb id in e  108
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G o u rle y 198 isolated ipalbidine 108 from I. alba. This was the first 
reported instance of indolizidine alkaloids being present in the 
I p o m o e a  species. Other indolizidine alkaloids that were later 
isolated from other genera of I p o m o e a  include ipalbine199 109 , 
ip o m in e 199’200 110 , isoipom ine199 111 , m ethoxyipom ine199 112 
and d im ethoxyipom ine199 113. From I. hardwickii the quaternary 
indolizidine alkaloids, ipohardine 114 and ipoharine 115 weres 
isolated by Liu et al.2°1 Another water-soluble indolizidine alkaloid 
named ip a lb in iu m l99’2^2 was recently isolated from I. muricata. 
Ipalbinium was later found to be identical to ipoharine.
The ipalbidine skeleton and other related Ip o m o ea  alkaloids 
are novel since these are the only indolizidine alkaloids that occur 
in Nature which contain a methyl substituent on the indolizidine 
nucleus. This intriguing feature became a focal point of a number of 
biomimetic syntheses. Several synthetic approaches for the total 
synthesis of ipalbidine were carried out independently by different 
groups. 203-206
Being structurally related to tylophorine, it was hypothesised 
that its biosynthetic pathway may take a similar course; that is, via 
the analogous pyrrolidine norhygrine (Scheme 22).
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Scheme 22. Biogenetically Based Synthesis of Ipalbidine.20^
In 1979, Hedges and Herbert207 reported a biogenetically 
based synthesis of ipalbidine. In their work norhygrine was 
obtained by enzymic oxidation of putrescine in the presence of 
ace to ace tic  acid . C ondensation  of no rhygrine  w ith p - 
benzy loxypheny laceta ldehyde proceeded rap id ly  in benzene 
without a catalyst to give an enamine which underwent cyclisation 
and dehydration in methanol, most efficiently at reflux in dilute
Figure 47. Ipomoea muricata (Convolvulaceae) Plant.
1 4 3
solution. Reduction gave o-benzylipalbidine and afforded ipalbidine 
after debenzylation.
So far, no feeding experiments of any labelled precursors on 
the intact plant of 7. muricata have been reported in literature thus 
the work was carried out.
6 . 1 . 1  I p o m o e a  m u r i c a t a  J a c q .  ( L i n n . )
Ipomoea muricata , locally known as tonkin, has been grown at 
the UST Botanic Garden since the late Fr. Lorenzo Rodriguez, became 
interested in the reputed medicinal properties of the seed and the 
leaves.
The plant was identified as Calonyction muricatum , Linn by 
Hermes Gutierrez, then curator of the Philippine National Museum, 
Botany Division. Its identity was verified at the Rijksherbarium in 
Leiden, Netherlands.
The tonkin plant grown in the UST Botanic Garden is an
herbaceous, twining vine which can grow several meters high when 
trellises are used for support. The stems with small prickles are 
rough. The leaves are smooth, soft, entire, cordate-ovate with the 
apex tapering into a short candex. The bright green palmately net- 
veined blades are 4-9 cm wide and 6-10 long while the petioles 
reach up to 10 cm in length. The pink-purple tubular flowers are
axilliary and are borne singly or in small clusters held by short
peduncles. The fruits with brown papery pericarps are rounded and 
0.8-1.5 cm diam eter. The capsules contain 2-4 whitish-beige
glabrous seeds (Figure 47).208
1 4 4
6.2 RESULTS AND DISCUSSION
Biosynthestic studies on intact plants are often difficult to 
perform. Researchers are usually faced with several problems such 
as a) cultivation and maintenance of the experimental plant, b) 
determination of the appropriate time of precursor feeding, c) the 
most efficient method of incorporation, d) the choice of isotopic 
labelling, and e) tracking the likely precursors through to the 
metabolites of interest.
One of the first problems encountered in this work was the 
cultivation of a tropical species for use in the biosynthetic work. 
Attempts to grow I. muricata for example in a completely different 
environment from its natural habitat was quite a challenge. Being a 
tropical plant, cultivation caused many difficulties. Eventually, 
conditions that simulated the natural growing environment were
found. I. muricata  was found to grow best in a temperature-
controlled environment. The glasshouse was set at a temperature of 
2 5 °C with a continuous watering system during the early stage up 
to about one month old. A slow release fertiliser was utilised to 
provide sufficient nutrients for the plants which were grown in 
pots.
Previous studies had shown that the seeds of I. muricata plant 
had the highest percentage of alkaloid, hence work on incorporation 
of precursors was confined to the seeds. An appropriate time of 
feeding of precursors into the seed capsule of the plant was one
factor that was considered to ensure efficient uptake of labelled
compounds by the plant. A simple experiment based on that 
employed by Clarke and Hawkins209, with a little modification was 
used to determine the approximate time of formation of the 
alkaloids in the seeds. Flowering of the plant was observed after 3
Table 22. Level of 14C Radioactivity in Different Solvent Extracts of 
I.muricata  seeds ([2-14C ]acetate).
E x trac t/Iso la te weight, mg (xCi/mg1 %
In co rp o ra tio n
EtOH extract 2 0 5 0 3.55 x 10-3 18.31
EtOEt extract 901 2.26 x 10-3 5.13
EtOAc extract 59 5.39x 10-3 0 .80
1 B ack g ro u n d  co rre c ted . A verage o f three readings.
Table 23. Radioactivity Counting of the [2-14C]Acetate Labelled Alkaloids.








Ip a lb id in eb 1453.1 0.15 9.0 x 10-3 710.1
Ip a lb id in ec 1525.7 0.16 3.3 x 10-3 675 .0
Ipom ined 1239.0 0.30 8.6 x 10-3 360 .0
Ipom inee 1982.0 0.46 6.5 x 10-3 234 .8
a A verage o f th ree readings w ith background  co rrection .
b5.4 mg obtained after PTLC, SGF2 5 4 , CHCl3 :C H 3OH 70:30
c 1.9 mg obtained after purification by CC, Silica, CHCl3 :C H 3 0 H :N H 3 36:6:0.5.
d6.2 mg obtained after PTLC, SGF2 5 4 , CHCl3 :CH 3OH 70:30.
e3.0 mg obtained after purification by CC, Silica, CHCl3 :C H 3 0 H :N H 3 36:6:0.5.
1 4 5
months, after which the seed capsules started to form. One week 
and two week-old seed capsules were collected and extracted 
through an alumina column with a mixture of E t0 H :H 2 0 : HO Ac 
(90:9:1). TLC and visualisation with Dragendorff reagent revealed 
that a one week-old seed capsule contained trace levels of the 
alkaloids. A darker orange colour with Dragendorff reagent was 
observed for the two week old seed capsules.
The appropriate method of incorporation was another factor 
that was considered in this biosynthetic studies. Herbert210 has 
described a variety of methods appropriate for feeding precursors 
to intact plants. Among them are: (a) the wick method whereby a 
wick is threaded through the lower part of the plant stem and 
dipped into an aqueous solution of the precursor, (b) assimilation 
through the roots by standing the plant in an aqueous solution of 
the precursor, (c) injection into a hollow stem or seed capsule, and 
(d) standing excised parts of the plant in an aqueous solution of the 
precursor. The third method (injection into the seed capsule) was 
preferred over the others m ainly because it seemed more 
appropriate in our studies since it allowed incorporation experiment 
to be performed over a long time period and was easier to carry 
out.
6 . 2 . 1  I n c o r p o r a t i o n  o f  [ 2 - l 4 C ] A c e t a t e
In the biomimetic studies conducted by Herbert and Hedges, 
acetoacetic acid was utilised as the source of the methyl substituent 
of the indolizidine nucleus. Based on this in vitro results, it is most 
likely that the methyl substituent of the I p o m o e a  indolizidine 
alkaloids was derived from an acetate unit. The [2-14C ]a c e ta te
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p r e c u r s o r  w as  e x p e c te d  to be in c o rp o ra te d  on the si tes m a rk e d  on 
the  s t ru c tu re s  be low .
C H 3 C O O  N h  — ■ — ►
[ 2 -14C]Acetate,  Na salt
4.0 pC i  per  seed capsu le  of  [ 2 - l 4 C ]ace ta te  was in jected  in to  one 
to tw o - w e e k  old seed  capsu le  and the p lants  g row n for a further  3 ­
4 w eek s .  T h e  ace ta te  labe l led  seeds (16 .0  g) w ere  sub jec ted  to the 
s e q u e n t i a l  s o l v e n t  f r a c t i o n a t i o n  m e t h o d s  fo r  th e  i s o l a t i o n  o f  
a lka lo ids .  T h e  a lcoho l  ex t rac t  (2.05 g), the ye l low  oily d ie thyl  e ther  
f ra c t io n  (0 .9 0  g) and  the e th y l  ace ta te  f rac t io n  (0 .06  g) w ere  all 
a s sessed  for  the ir  14C rad io ac t iv i ty .  T he  resu l ts  as show n in T ab le  
22 r e v e a le d  tha t  r a d io a c t iv i ty  was d is t r ib u te d  am o n g  the d if fe ren t  
e x t ra c ts .  T h e  o b s e rv e d  d i s t r ib u t io n  o f  14 C r a d io a c t iv i ty  w as  no t  
u n e x p e c te d  s ince  ac e ta te  is a k n o w n  p re c u r so r  o f  m a n y  seco n d ary  
m e t a b o l i t e s  o th e r  th a n  a l k a l o i d s .  A r e l a t i v e l y  h ig h  le v e l  o f  
in c o rp o r a t i o n  w as  o b s e rv e d  fo r  the d ie thy l  e th e r  f rac t io n  im p ly in g  
e f f i c i e n t  u t i l i s a t io n  o f  the ac e ta te  p r e c u r s o r  fo r  the  fo rm a t io n  of  
o ther  se c o n d a ry  m e tab o l i te s  and lip ids  in the plant.
Ip a lb id in e  and ip o m in e  w ere  iso la ted  f rom  the E tO A c fraction. 
A t t e m p t s  w e r e  m a d e  to  p u r i f y  th e  a l k a l o i d s  by  c o l u m n
c h r o m a t o g r a p h y  u n t i l  t h e y  a p p e a r e d  r a d i o c h e m i c a l l y  p u r e
h o w e v e r ,  i n s u f f i c i e n t  a m o u n t s  o f  th e  i s o l a t e d  a l k a lo i d s  w ere  
a v a i la b le  fo r  r e c ry s ta l l i s a t io n  to c o n s ta n t  spec if ic  ac tiv i ty .  T ab le  23 
p r e s e n t s  the  lev e l  o f  1 4 C i n c o r p o r a t i o n  o f  the  a c e ta te  l a b e l l e d  
p r e c u r s o r  in to  the i so la ted  a lkalo ids .
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The results show a low level of incorporation of the 14C 
acetate into the alkaloid. It was initially planned to do degradation 
of these isolated labelled alkaloids to established the position of the 
labelled sites. Kuhn-Roth degradation199 will give the labelled acetic 
acid which will be characterised  and counted as its p -  
bromophenacylester (Scheme 23). However due to unavailability of 
enough m aterial, degradation of the labelled alkaloids were not 
carried out.
i. Chromic Acid
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14C - L a b e l l e d  
p - B r o m o p h e n a c y l  E s t e r
S c h e m e  2 3 .  Proposed K uhn-Roth D egradation of Labelled
Alkaloids.
Based on the biomimetic synthesis of ipalbidine by Hedges 
and H e rb e rt195, the precursor may be incorporated into the 






S c h e m e  2 4 .  Possible Biosynthetic Fate of Acetate in the
Indolizidine alkaloid.
6 .2 .2  I n c o r p o r a t io n  o f  [ U - 1 4 C ] T y r o s i n e
Seeds were labelled as described in the previous section 
except that 2.2 p,Ci was administered to each of 67 seed capsules 
and plants grown for a further 3-4 weeks. The tyrosine labelled 
seeds (20.36 gms) yielded 1.64 g of crude alcoholic extract. Upon 
fractionation, the alcohol extract gave a yellow oily EtOEt fraction 
(1.12 g.) and the CHCI3 soluble fraction (46.6 mg). The different 
fractions were assessed for their content of l 4C radioactivity. Table 
24 shows the radioactivity present in the different extracts.
A higher % incorporation level was observed for the diethyl 
ether fraction compared with the CHCI3 fraction indicating efficient 
incorporation of tyrosine into other compounds. The alkaloids,
Table 24. Level of Radioactivity in the Different Solvent Extracts of 
I. muricata seeds Labelled with [U -l^c jT y rosine .
E x trac t/Iso la te Weight, mg |iC i/m ga % Incorporation
Alcohol extract 1640 3.60 x 10-4 0.38
EtOEt extract 1120 2.53 x 10-4 0.19
CHCI3 extract 46.6 1.24 x IO’ 3 0 .04
a Average of three readings with background correction.












Ipa lb id ine
ls tb 3.45 7369.0 0.77 7.8 X 10-3 631.2
2ndb 1.36 13750.5 1.42 5.7 X 10-3 342 .2
3rdb 1.16 13407.7 1.38 4.7 X 10-3 352.2
Ipom ine
1 st^ 2.02 6484.5 1.56 4.0 X IO '3 311.5
2ndb 1.41 11264.1 2.72 4.8 X IO '3 178.7
3rdb 0.40 7133.6 2.57 1.3 X 10-3 189.1
a Average of  three readings with background correction,  
bPurified by CC, Silica, CHCl3 :CH3 0 H (36:6:0.5).
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ipalbidine and ipomine were purified by column chromatography to 
constant specific activity. Table 25 presents the incorporation of the 
tyrosine labelled precursor into the alkaloids.
The results show that incorporation of the tyrosine precursor 
was observed but that the % incorporation was low. Interestingly, 
ipalbidine was found to have a three fold higher incorporation of 
label than ipomine.
Values between successive recrystallisation differ by less than 
4% and 7% respectively, indicating that constant specific activity 
had not quite been achieved. Had sufficient material been available 
for recrystallisation, then most likely constant specific activity could 
have been demonstrated. It was clear by TLC that the isolated 
compounds were chemically pure.
Thus, both acetate and tyrosine appear to be incorporated into 
the alkaloids ipalbidine and ipomine. The low incorporation may 
result from several possibilities. One is that neither acetate nor 
tyrosine are precursors for indolizidine alkaloid biosynthesis. A 
more likely reason is that the rate of uptake of the precursors may 
be slow and that there may be too much dilution and removal of 
the label which was applied initially to the seed capsule. Other 
com peting m etabolic pathw ays e.g. for lipid biosynthesis 
([2 - l4C]acetate) and protein biosynthesis ([U-14C]tyrosine) may also 
act to diminish the amount of radiolabel available for incorporation 
into the alkaloids.
These results are prelim inary and indicate that further 
studies on the biosynthesis of I p o mo e a  indolizidine alkaloids are 
required. It is recommended that in future, studies be performed . 
on the mode and rate of incorporation, and that the collection of 
sufficient seed materials be undertaken to allow for chemical
1 5 0
d e g r a d a t io n  o f  th e  la b e l le d  m e t a b o lit e s .  O th e r  w o r t h w h ile  
e x p e rim e n ts  w o u ld  in v o lv e  sy n th e sis  o f  la b e lle d  p re c u rso rs w h ic h  
a re  th o u g h t to be in te rm e d ia te s  in the in d o liz id in e  b io sy n th e tic  
p a th w a y . L a b e lle d  n o rh y g rin e  co u ld  be e a s ily  sy n th e sise d  b y  the 
re a ctio n  o f  p u tre sc in e  and la b e lle d  a c e to a c e tic  a cid  ( C - 2  and C - 4 )  
w ith  d ia m in e  o x id a s e . T h is  la b e lle d  p r e c u r s o r  c o u ld  then be 
in c o r p o r a t e d  in to  th e p la n t . T h e  b io s y n t h e s is  o f  s e c o n d a r y  
m etab o lites is in c re a sin g ly  b ein g  fo llo w e d  b y  u se o f  stab le isotopes  
such as 1 C  and 2 H  as p recu rso rs. A n a ly s is  can  then be done either 
b y  the u se  o f  so p h istica ted  N M R  tech n iq u es or m ass sp ectro m etry. 
A lth o u g h  th ese  m eth o d s o f  a n a ly s is  are m u ch  le ss  se n s itiv e  than  
those o f  ra d io a c tiv e  iso to p ic  lab els lik e  1 4 C  and 3 H , th ey h ave the 
a d v a n ta g e  o f  y ie ld in g  stru ctu ra l in fo rm a tio n  m u ch  m o re ra p id ly  
than ra d io a c tiv e  ones. H o w e v e r, a h igh  en rich m en t is n e ce ssa ry  and 




7 . 1  G eneral Procedures
7 . 1 . 1  S o l v e n t s
A l l  solven ts used w ere either A n a ly tic a l G rade or H P L C  G rade  
u n less o th e rw ise  stated.
7 . 1 . 2  C h r o m a t o g r a p h y
a )  C o lu m n  C h r o m a t o g r a p h y
F la s h  c h ro m a to g ra p h y  and g r a v ity  co lu m n  ch ro m a to g rap h y  
w ere carried  out usin g silica  gel 6 0  (M e rck  7 7 3 0  or 7 7 3 )  or 60 G  
(M e rc k  7 7 3 4 ,  0 .0 6 3 -0 .2 0 0  m m  p article  size). E lu tio n  w as done by  
step grad ien t elution u sin g so lven t m ixtures o f  in creasin g po larity. 
A l l  eluates w ere  m onitored b y thin la yer chrom atography (T L C ) .
b ) T h i n  L a y e r  C h r o m a t o g r a p h y / P r e p a r a t i v e  T L C  
T h in  la y e r  ch ro m ato grap h y w a s carried  out usin g alum inium -
b ack ed  s ilic a  g el p lates w ith  in d icato r at 2 5 4  nm  (M e rc k  5 5 5 4 )  
P lates w e re  v isu a lise d  in itia lly  under u ltravio let ligh t (X 2 5 4  nm) 
and then sp rayed  w ith  D ra g e n d o rff spray reagent.
P rep arative  thin la y e r ch ro m ato grap h y ( P T L C )  w as done on 2  
m m  th ick n ess s ilic a  g el F 2 5 4  g la ss  plates (M e rc k  7 7 3 1 ) .  S im ila r  
m ethods o f  visu alisatio n  as fo r T L C  w a s perform ed.
c )  H ig h  P r e s s u r e  L i q u i d  C h r o m a t o g r a p h y
H ig h  P re ssu re  L iq u id  C h ro m ato g rap h y w a s perfo rm ed  using  
W a te rs  A s s o c ia te s  M o d e l M - 4 5  so lven t d e liv e ry  system  connected  
to U 6 K  in jecto r. W a te rs M o d e l 4 5 0  V a ria b le  W a v e le n g th  detector 
set at 2 5 4  nm  or W a te rs R 4 0 3  R e fr a c tiv e  In d ex d etecto r w ere  
u t i l i s e d .  N o r m a l  p h a s e  s e p a r a t io n  w a s  d o n e  on s i l i c a  
se m ip re p a ra tiv e  co lu m n  w h ile  reversed  ph ase w a s done on either 
C l 8 sem ipreparative colum n or R ad ial-P ak  colum n (8 x  10 0  mm).
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7 . 1 . 3 .  M e lt in g  P o in ts
M e lt in g  p o in ts  w e r e  m e a su re d  u s in g  a K o f f l e r  H o tsta g e  
a p p a ra tu s and are u n co rre c te d .
7 . 1 . 4  O p tica l  R otat ions
O p t ic a l  R o ta tio n s  w e r e  m e a su re d  on e ith e r B e n d ix  N P L -  
A u to m a tic  P o la rim e te r  fo r  so lu tio n  in C H C I 3 (C h a p te r 2 ), P erkin
E lm e r  1 4 1  P o la rim e te r fo r  solu tio n s in C H C I 3 (C h ap ter 4 ), or Ja sc o  
D IP  3 7 0  fo r solutions in C H 3 O H  (C h ap ters 2  and 5 ).
7 . 1 . 5  U ltra v io le t  (UV) Spectra
U V  sp e c tra  w e re  re co rd e d  on S h im a d z u  U V - 2 6 5  R e c o rd in g  
Sp ectrop h o to m eter fo r solutions in C H 3 O H  or E tO H .
7 . 1 . 6  C ircu lar  D ichro ism
C ir c u la r  d ic h ro ism  m easu rem en ts w e re  p e rfo rm e d  on a Ja s c o  
M o d e l 5 0 0 - C  P o la rim e te r fo r solution s in C H 3 O H  carried  out either 
at M a c q u a rie  U n iv e rs ity  or at S y d n e y  U n iv e rsity .
7 . 1 . 7  In frared  (IR) Spectra
I R  s p e c tr a  w e r e  re c o rd e d  on P e rk in  E lm e r  7 8 3  In fra re d  
Sp ectro p h o to m eter fo r C H C I 3 film  on K B r  discs.
7 . 1 . 8  Mass Spectra (MS)
L o w  re so lu tio n  electro n  im p a ct, c h e m ic a l io n isatio n  and F A B  
(F a s t  A to m  B o m b a rd m en t) m ass sp ectro m etry  w e re  carried  out on a 
V G  M ic ro m a s s  1 2 - 1 2  at 7 0 e V . (U n iv e rsity  o f  W o llo n g o n g )
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H ig h  R e s o lu tio n  E le c tr o n  Im p a c t m a ss  sp e c tro m e try  w a s  
carrie d  out on a V .G .  M ic ro m a ss 7 0 7 0 F  at 7 0 e V  at the A u stralian  
N a tio n a l U n iv e rsity  R e sea rch  S c h o o l o f  C h em istry.
7 . 1 . 9  * H  a n d  1 3 C  N u c l e a r  M a g n e t i c  R e s o n a n c e  ( N M R )  
S p e c t r a
* H  or 1 3 C  N M R  sp e ctra  w e re  eith er reco rd ed  usin g V a ria n  
U n ity  4 0 0  and 5 0 0  M H z  sp ectro m eters, B ru k e r A M X  5 0 0  M H z  
sp ectro m eter or Je o l  J N M  G X - 4 0 0  M H z  spectrom eter. T h ese spectra  
w e re  acq u ired  in  one o f  the fo llo w in g  so lven ts: deu terio ch lo ro form  
( C D C 1 3 , 8 7 .2 5  ( 1H )  and 5 7 7 . 0  ( 1 3 C ), deuterated m ethanol ( C D 3 O D ,  
5 3 . 3 5  (*H ) and 5 4 9 .0  ( 1 3 C ), D euterated d im e th y lsu lfo xid e  (D M S O -d 6 , 
w ith T M S  as internal standard, 5 0 .0 )  and D euterium  O xid e (D 2 O w ith  
T S P  as internal standard, 5 0 .0 ). S ig n a ls  m u ltip licity  w ere assigned as 
s (s in g le t), d (d o u b let), t (triplet), q  (quartet), m  (m u ltiplet), d d d 
(dou blet o f  doublet o f  doublet), td  (triplet o f doublet) and b (broad) 
w ith  their co u p lin g  constants (J)  m easured in H ertz.
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7 . 2  E x p er im en ta l S ectio n  for C h ap ter 2
7.2 .1  N M R  Spectroscopy
N M R  sp e ctra  w e re  acq u ired  on Je o l J N M  G X - 4 0 0  or a V a ria n  
U n ity  4 0 0  sp ectro m eters o p eratin g at 4 0 0  M H z  fo r protons. F o r  the 
V a r ia n  sp e ctro m e te r, a d e d icated  1 H / 1 9 F  V a ria n  pro b e fitted w ith  a 
d e u te r iu m  lo c k  an d  V a r i a n  te m p e ra tu re  c o n t r o l w a s  u se d . 
A c q u is it io n  an d p r o c e s s in g  w e r e  u n d er the c o n tro l o f  V a r ia n ’ s 
V N M R  so ftw a re , versio n  3 .2 .  A l l  sp ectra w ere  recorded in C D 3 O D  at 
2 5 ° C .  C h e m ic a l sh ifts are reported in p p m  w ith  referen ce relative  to 
the re sid u a l m e th y l sig n a l as internal standard at 3 . 3 5  ppm .
7 .2 .1 .1  2D N M R Experim ents
A b s o l u t e  V a lu e  C O S Y .  T h e  C O S Y  sp ectru m  w a s  p erfo rm ed  u sin g  
the p u lse  seq u en ce d escrib ed  b y  B a x  et a /.98 A  total o f 5 1 2  blocks o f  
2 0 4 8  d ata p o in ts w e re  c o lle c te d  w ith  1 6  scan s p er b lo ck . T h e  data  
m a trix  w a s  ‘ z e r o -f ille d ’ o n ce in i \  to obtain a 1 0 2 4  x  2 0 4 8  m atrix  
p rio r to F o u r ie r  tran sfo rm atio n .
R e la y  a n d  D o u b le  R e la y  C O S Y .  T h e  R e la y  and D o u b le  R e la y  C O S Y  
e x p e rim e n ts  w e re  c a rrie d  out u sin g  the p u lse  se q u en ce  d e scrib e d  
b y  W a g n e r . 102  T h e  fix e d  duration  d e la y  b etw een  the 9 0 °  pu lses in 
the m ix in g  step o f  the p u lse  seq u en ce (T m ) w a s set at 3 0  m s. Other 
a cq u isitio n  p aram eters w e re  as fo r the C O S Y  spectra.
P h a s e  S e n s i t i v e  D o u b l e - a n d  T r i p l e - Q u a n t u m  F i l t e r e d  C O S Y .  
T h e  p h a s e  s e n s it iv e  d o u b le - and trip le -q u a n tu m  filte r e d  C O S Y  
sp e c tr a  w e r e  p e rfo rm e d  u sin g  the p u lse  se q u e n ce  d e sc rib e d  b y  
P ia tin i e t  a /10 0  and R a n ee  et a l . 101 A  total o f  5 1 2  b lo ck s containing  
2 0 4 8  d ata  p o in ts w e re  c o lle c te d . T h e  data w e re  z e ro -fille d  to 1 0 2 4
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points in ti d im e n sio n  and G a u ss ia n  w in d o w  fu n ctio n s w ere  app lied  
to both  d im e n sio n s p rio r to F o u rie r  tran sfo rm atio n .
T o t a l  C o r r e l a t i o n  S p e c t r o s c o p y . T h e  T O C S Y  e x p e r im e n t, a lso  
k n o w n  as the H o m o n u c le a r  H a rtm a n n -H a h n  ( H O H A H A )  exp erim en t  
w a s  p e rfo rm e d  u sin g  the p u lse  se q u en ce  d e scrib e d  b y  B a x 10 4  and 
w a s a cq u ired  in the p h ase se n sitiv e  m ode. A  total o f  6 4  scan s w ere  
c o lle c te d  fo r each  o f  5 1 2  F I D s . T h e  m ix in g  tim e w a s set at 80m s. 
T h e  d a ta  w e r e  z e ro  f i l le d  as a b o v e  and m u ltip lie d  in  both
d im e n s io n s  b y  G a u s s ia n  w in d o w  fu n c t io n s  p r io r  to F o u r ie r  
t r a n s f o r m a t io n .
2 - D  N u c l e a r  O v e r h a u s e r  E f f e c t  ( N O E S Y )  a n d  R o t a t i n g - F r a m e  
N O E  ( R O E S Y )  S p e c t r o s c o p y . T h e  N O E S Y  exp erim en t w a s carried  
out in the p h a se  se n sitiv e  m ann er as d e scrib e d  b y  States et a l 1 0 5  
w h ile  the R O E S Y  e x p e rim e n t w a s  p e rfo rm e d  fo llo w in g  the p u lse
s e q u e n c e  d e s c r ib e d  b y  K e s s l e r . 2 ! 2 B o th  e x p e r im e n ts  w e re  
p e rfo rm e d  w ith  a m ix in g  tim e o f 2 5 0  m s and the relaxatio n  d elay
w a s set at 1 . 5  s. A  total o f  5 1 2  x  2 0 4 8  b lo ck s w ith 3 2  scan per block
w e re  c o lle c te d . T h e  data w ere  zero filled  and p ro ce sse d  as describ ed  
a b o v e
7.2.2 MS analysis by Sm ith-K line Beecham Pharm aceutical 
groups for O a-4A -l, Oa-4A-2, O a-4A -l-M e and Oa-WS-Me- 
1 .
A  m a ss  sp e c tro m e te r  stu d y  p e rfo rm e d  on O a - 4 A - l  and  
O a - 4 A - 2  w a s  carried  out u sin g M S / M S  technique u sin g a m ixture  
o f  t h io g ly c e r o l  an d M N B A  ( 3 - n i t r o g ly c e r o l) .  A c c u r a t e  m a ss  
m easu rem en ts w e re  don e b y  H R F A B M S  u sin g p eak  m atch in g and 
v o lta g e  sc a n n in g . A v e r a g e  resu lts w e re  o btain ed to get the m l z 
fo r  e a c h  c o m p o u n d s . T h e  fra g m e n t io n s w e r e  m e a su re d  b y
Figure 48. Ophiorrhiza acuminata (Rubiaceae) P lant.
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scan n in g H R D C I M S  u sin g a n o v e l m ethod o f m ixed reagent gases  
(N H 3/C H 4).
M S / M S  and H R F A B M S  (M / A M  10 ,0 0 0 )  data w ere obtained on 
a V G  Z A B - S E 4 F  ta n d e m  d o u b le  fo c u s in g  m a ss  sp e c tro m e te r  
eq u ip p ed  w ith  a stan dard F A B  so u rce  and C s  Ion gun. S can n in g  
H R D C I M S  (M / A M  5 ,0 0 0 )  and L R  N H 3 - D C I M S  spectra w ere obtained  
on a V G  7 0 - V S E  m ass spectrom eter equ ip ped w ith a standard E I/ C I  
so u rce  m o d ifie d  fo r in tro d u ctio n  o f  a secon d reagen t gas. L R F A B  
sp ectra  w e re  acq u ired  on a V G  Z A B - H F  m ass spectrom eter equipped  
w ith  eith er a standard F A B  so u rce  or a standard con tinu ou s flo w  
F A B  so u rce  operated in the norm al F A B  m ode; the F A B  beam  w as  
pro d u ced  w ith  a standard Ion T e ch  gun usin g xenon as the gas.
L R F A B  m ass sp ectra  w e re  acq u ired  on a V G  Z A B - H F  m ass 
sp e c tro m e te r e q u ip p e d  w ith  eith er a stan dard F A B  so u rce  or a 
standard co n tin u o u s f lo w  F A B  so u rce operated in the norm al F A B  
m o d e; the F A B  b eam  w a s p ro d u ced  w ith  a standard Ion T e ch  gun  
usin g xen o n  as the gas.
7.2.3 Plant Description
O .  a c u m i n a t a , l o c a l l y  k n o w n  as P a y a n g - p a y a n g - g u b a t  
(T a g a lo g )  or m o n go o se plant (E n g lish ) is found fro m  the B ataan  and 
B a b u y a n  Isla n d s and northern L u z o n  to P a la w a n  and M in d an ao , in 
th ick e ts and fo re sts  at lo w  altitu d es. It a lso  o ccu rs in In d ia and 
M a la y s i a .
T h e  p lan t (F ig u re  4 8 )  is d escrib ed  as a a h a lf-w o o d en , erect, 
sm ooth  p lan t up to 3 0  cen tim eters in h eigh t. T h e  le a ve s are ve ry  
thin, e llip tic  or e llip tic -la n ce o la te , 4  to 1 2  cen tim eters lo n g, 2  to 6 
c e n tim e te rs w id e , and p o in ted  at both ends. T h e  c y m e s are fla t-  
top ped, 2  to 7 . 5  cen tim eters in diam eter, and sm ooth or h airy; their
157
branches are subum bellate and v e ry  spreading. T h e calyx-teeth  are 
very  short. T h e corolla  is w hite and smooth, with very short, obtuse 
lobes w h ich  are keeled at the back. The pedicelled capsules are 2  to 
5  m illim eters in diam eter. T h e seeds are m any, minute and angled.
7.2.4 Extraction of the Alkaloids from O p h i o r r h i z a
a c u m i n a t a
G rou n d le a v e s  o f O p h i o r r h i z a  a c u m i n a t a  ( 1 4 9 .9  g) w ere  
extracted exh au stively  with 9 5 %  E tO H  ( 1 .8  1). The alcoholic extract 
on con cen tratio n  in va cu o  yield ed  a greenish resinous m aterial,
1 1 . 9  g (8 .0 % ). P relim inary group separation w as done by sequential 
extraction o f the alco h olic extract with hexane and chloroform . On 
concentration the hexane soluble fraction gave an o ily layer, 0 .2 3  g 
( 1 .9 % ) ,  and a green resinous chloroform  layer, 3 .2  g (2 6 .9 % ). The  
rem aining alcoh ol soluble fraction ( 6 3 .4 % )  w as further subjected to 
group separation. Partition betw een diethyl ether and 1 %  sulfuric  
a c id  se p a ra te d  the n itro g e n o u s co m p o u n d s fro m  the other 
secondary m etabolites such as the steroids, terpenoids, etc. The acid 
la y e r  w a s  b a sifie d  to p H  9 - 1 0  to c o n v e rt the n itro gen ou s  
com pounds into free am ines and w as subsequently extracted with  
chloroform . The aqueous basic layer w as brought back to neutral pH  
b y s lo w ly  pum ping o ff excess am m onia under vacuum
7.2.4.1 Purification of Oa-3A
Fraction ation  o f the C H C I3 layer, 0 .6 10 0  g. w as carried out by  
colu m n  ch ro m ato grap h y eluting the m ajor alkaloid  in chloroform  
w ith  in c r e a s in g  m eth an o l c o n c e n tra tio n . A  y e llo w  p o w d e r, 
7 4 .2 7  m g, w as obtained w hich on pu rification tw ice  by P T L C  on 
silica  in 10 %  C H 3 O H  in C H C I3 (R f =  0 .3 4 )  afforded a pale yellow
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amorphous solid, 17.96 mg. Final purification was achieved by HPLC 
on a normal phase |x-porasil column eluting with 10% EtOAc in CHC13 
at 1.0 ml/min. with refractive index detection. The tertiary alkaloid, 
labelled Oa-3A, was obtained with retention time of 6.8 min.
The 1II NMR spectrum showed traces of impurities, hence it 
was further purified by reversed-phase HPLC. The alkaloid was 
eluted isocratically with CH3OH at 1.0 ml/min, yielding a light 
yellow amorphous solid, 5.42 mg. Oa-3A showed a single spot on tic 
on silica SGF254 developed in 10% MeOH/CHCl3 (Rf = 0.34) and 
fluoresced (blue) under both short (254 nm) and long (365 nm) 
wave UV light.
7.2.4.2 Spectroscopic D ata of Oa-3A
U V (CH 3OH): Xmax348.4 (284.94), 335.2 (284.27), 287.6 (2285.39),
235.6 (2529.44), 217 0(2354.61), 208.2 (2349.89) nm. 
H R EIM S: 182.08290, C12H10N2
1H NMR (Bruker 400 MHz, CDCI3): 6 8.65 (br s, 1H, NH, D20  
exchangeable), 8.36 (d, J 5.3Hz, 1H, H-5), 8.12 (d, J 8.0Hz, 1H, H-9), 
7.76 (d, J 5.3Hz, 1 H H-6), 7.56-7.54 (d on top of another d (m), 2H, 
H-l 1, -12), 7.31 (ddd, J 8.0, 5.6, 2.3Hz, 1H, H-10), 2.83 (s, 3 H, CH3). 
13C NMR (Bruker 100.6 MHz, CDCI3): 8141.7 (C-3), 140.0 (C-13),
138.8 (C-5), 134.5 (C-2), 128.3 (C -ll) , 128.2 (C-7), 122.1 (C-9),
121.8 (C-8), 120.2 (C-10), 112.9 (C-6), 111.5 (C-12) and
21.2 (CH3) ppm.
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7 . 2 . 5  I s o la t io n  a n d  P u r i f ic a t io n  o f  th e W a t e r - S o lu b le
A l k a l o i d s
Preliminary purification of the aqueous fraction was done 
by ion exchange chromatography using DOWEX 50, a strongly 
acidic cation exchange resin in order to remove salts and other 
water soluble compounds that were not of interest.
The ion exchange resin was prepared by washing 
sequentially with IN NaOH; water; IN HC1; and again with water 
until the pH was neutral. The dark brown viscous aqueous layer 
was dissolved in a minimum amount of water and filtered to a 
brown solution. The water soluble alkaloids were eluted from the 
resin with IN NH4OH monitoring with Mayers reagent. Similar 
eluates by tic were combined together and the pH brought down 
to about pH7.0. The water soluble eluates were freeze dried 
yielding a brown, vermiculite-look solid, 540.3 g and labelled as 
Oa-WS. On tic (Cis TLC plate, n-Butanol:Acetic Acid:H20 4:2:1), a 
spot at Rf=0.68 gave a positive response with Dragendorff 
reagent. A violet colouration was observed with a -n ap h th o l-  
sulfuric acid reagent indicating the presence of sugar in the 
molecule.
7 . 2 . 5 . 1  P u r ific a t io n  b y  H ig h  P r e ss u re  L iq u id
C h r o m a to g ra p h y
Isolation of the glycoalkaloids was attempted on a reversed 
phase HPLC system using several solvent systems.
To start with, the freeze dried crude water soluble alkaloids 
(Oa-WS) were separated by elution of the C-18 column with 
100% CH3OH and UV detection at 254 nm. Two major peaks
eluting at 5.6 and 4.1 min. were obtained. The peaks were quite
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close to each other. To improve separation, the solvent system 
was made more polar by the addition of water. Different ratios of 
CH3OH and H2O were tried. Gradient elution was found to give
better separation than isocratic elution. Isocratic elution with 
70% C H 3O H /H 2O  gave poor resolution while a gradient system 
from a 65% CH3OH/H2O to 70% CH3OH/H2O over 30 mins at 1.0 
ml/min provided good resolution. One major alkaloid eluted after
8.2 mins and the other at 12.3 min.
Acetonitrile was also considered although 100% CH3CN was 
not used as the sample was not soluble in it. Hence, different 
ratios of C H 3 C N /H 2 O  were tested on. Elution with 70% 
CH3CN/H2O proved to be better than CH3OH/H2O. The two major 
components eluted as sharp peaks after 8.3 and 10.0 mins. 
Gradient elution from 100% H2O to 70% CH3CN/H2O in 10 mins, 
and isocratic elution at that concentration for 40 mins provided 
well resolved peaks. Starting with 65% CH3CN/H2O and eluting to 
70% CH3CN/H2O proved better than CH3OH/H2O. One alkaloid 
eluting as a sharp peak at 16.0 mins and the other at 17.5 
m in.
7 . 2 . 5 . 2  P u r i f i c a t i o n  b y  G e l  C h r o m a t o g r a p h y  on  
S e p h a d e x  L H - 2 0
The Oa-WS was subjected to gel filtration chromatography 
using Sephadex LH-20. Gel filtra tion  or gel perm eation 
chromatography works on the principle of molecular sieving. It 
has the potential to remove high molecular weight compounds 
from the glycoalkaloids. Sephadex LH-20 was chosen for its 
stability to organic solvents.
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M e t h o d  A .
Sephadex LH-20 was prepared by allowing the resin to 
swell in water for several hours prior to its use. The freeze dried 
water soluble extract (121.9 mg.) suspended in 1 ml of water 
was added into the column. Three bands were obtained after 
elution with water. The yellow coloured fraction had a UV 
absorptions consistent with a P-carboline ring system, were 
combined together. A light yellow solid, m. pt. 214-219° (dec.) 
was obtained after concentration by freeze drying.
M e t h o d  B .
Another purification method was attempted whereby 
elution of the water soluble alkaloids from Sephadex LH-20 was 
tried using CH3OH. Three bands were again observed although in 
a different order of elution. The yellow band eluted first from 
the column followed by a brown coloured band. The eluate 
showing UV absorption consistent for a p-carboline ring system 
was the yellow coloured band. Freeze drying of the combined 
eluate afforded 16.91 mg of a pale yellow solid.
Eventually a method utilising both Gel Permeation or Gel 
Filtration chromatography and HPLC was developed to isolate 
and purify the water soluble alkaloid. The Oa-WS was 
chromatographed twice on Sephadex LH-20 using CH3OH. Two 
separate bands were obtained, one a yellow and the other a pale 
brown coloured band. Both gave UV spectra conforming for a 
p-carboline ring system.
The two fractions were chromatographed by tic on SGF2 5 4  
developed in CH3OH/H2O (6:4) and visualised by UV2 5 4  and the 
Dragendorff spray reagent. A common component in both 
fractions was a bright blue band at Rf 0.78 (UV2 5 4  and
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Dragendorff) with the yellow fraction containing it as the major 
component. A minor spot that gave an orange colour with 
Dragendorff was observed at Rf 0.71. Both alkaloids stained 
positive with the a-naphthol-sulfuric acid reagent for sugars.
Isolation of the two glycoalkaloids from both the yellow 
and brown fractions was carried out by PTLC on SGF254 
developed in 75% CH3OH/H2O. The major alkaloid labelled as 
Oa-4A-l appeared as a bright blue spot under both short and 
long wavelength UV light, and on concentration, yielded a
39.1 mg. A total of 20.8 mg of the minor alkaloid labelled as 
Oa-4A-2 and which was present as a dark blue band under 
UV254 was obtained.
7.2.5.3 Enzyme Hydrolysis of O a-4A -l
To a solution of Oa-4A-l (3.3 mg) in either water or buffer 
solution was added p-glucosidase (3.2 mg). The reaction mixture 
at pH5.0 was stirred for one hour on a water bath at 37°C A 
dark pink coloured solution was obtained and was freeze dried. 
The light pink powder was extracted with CH3OH which yielded a 
light pink solid (2.7 mg) upon concentration in vacuo. The pink 
solid was purified by PTLC on SGF254 (Merck 5554) developed in 
100% CH3OH and visualised under shortwave (254 nm) UV light. 
The major hydrolysis product which appeared as dark blue band 
under UV light gave a positive responsed with Dragendorff. The 
lH NMR data were in agreement for harman.
The aqueous layer after extraction with CHCI3 was freeze 
dried and compared to standard sugars by TLC on SGF254 
developed in Et0Ac:Pyridine:H 20 (60:21:15) and sprayed with 
a-naphthol-sulfuric acid for sugar.
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7.2.5.4 Spectroscopic Data for Oa-4A-l
m. pt. (uncorrected): 215-220°C
UV (CH3OH): kmax351.4, 337.6, 304.0, 289.4, 282.2 and 253.0 nm.
IR (KBr disc, cm-1): umax3883, 3823, 2932, 2860, 2425, 2372, 2360, 
2346, 2250, 2193, 2127, 2042,1986,1879,1733 (C=0) ,1639, 1457, 
758, 665, 639 and 614 cm-1.
[a ]D= -89.00 (1.03 x 10-3 g/ml, CH3OH)
CD (CH3OH, 5.0 x 10-5 M): A£339 = -8.5 ; AZ289 = -9.7, AE255 = +32.0 
[Lyalosidic Acid: CD (CH3OH, 9.5 x 10-5 M): AZ304 = -15.0 ; 
AE289 = "5-7; A£255 = +9.6]
1H NMR (CD3OD, Varian 400 MHz): § 8.19/8.18 (d, 2H, H-5, H-9),
8.01 (d, J 5.0Hz, 1H, H-6), 7.74 (d, J 8.0Hz, 1H, H-12), 7.59 (t, 
J 7.0Hz,1H, H -ll), 7.41 (s, 1H, H-17), 7.29 (t, J 8.0Hz, 1H, H-10), 5.92 
(ddd, J 17.0, 10.0, 9.0Hz, 1H, H-19), 5.65 (d, J 7.0Hz, 1H, H-21), 4.91 
(d, J 17.0Hz, 1H, H-18trans), 4.83 (d, J 10.0Hz, H-18cis), 4.77 (d, 
J 8.0Hz, H-l'), 3.95 (dd, J 12.0,1.0Hz, 1H, H-6'), 3.74/3.71 (m or dd, 
J 12.0Hz, 2H, H-6’; H-14), 3.57 (m, 1H, H-15), 3.41 (q, J 9.0Hz, 1H, 
H-5'), 3.39 (t, J 8.0Hz, 1H, H-14), 3.30 (t, J 9.0Hz, 1H, H-3'), 3.23 (t, 
J 9.0Hz, 1H, H-4' ), 3.20 (t, J 8.0Hz, 1H, H-2') and 2.64 (m, 1H,
H-20) ppm.
13C NMR (CD3OD, Bruker 100.6 MHz): 8 170.0 (C-22, C=0), 151.4 
(C-17), 146.6 (C-3), 143.6 (C-13), 137.1 (C-5), 137.2 ( C-19), 136.8 
(C-2), 131.2 (C-7), 130.6 (C -ll), 123.5 (C-9), 123.1 (C-8), 121.6 
(C-10), 119.4 (C-18), 115.4 (C-16), 114.1 (C-6, C-12), 101.1 (C-l'), 
97.9 (C-21), 79.2 (C-5'), 78.7 ( C-3’), 75.4 (C-2'), 72.4 (C-4’), 63.7 
(C-6'), 47.2 (C-20), 37.8 (C-15), and 36.6 (C-14) ppm. 
lH  NMR (D20 , Varian Unity 400 MHz): 8 8.05 (d, J 6.6Hz, 1H, H-9),
7.99 (br d, J 4.6Hz, 1H, H-5), 7.86 (br d, 1H, H-6), 7.63 (t, J 6.8Hz, 1H, 
H -ll), 7.55 (d, J 8.8Hz, 1H, H-12), 7.31 (t, J 7.1Hz, 1H, H-10), 7.13 (s,
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1H, H-17), 5.69 (ddd, J 17.0, 9.6, 8.3Hz, 1H, H-19), 5.41 (d, J 5.6Hz, 
1H, H-21), 4.93 (d, J 9.6Hz, 1H, H-18cis), 4.81 (d, J 7.2Hz, 1H, H-l'),
4.71 (d, J 17.0Hz, 1H, H-18trans), 3.90 (dd, J 11.6, 1.7Hz, 1H, H-6'), 
3.70 - 3.64 (m, 2H, H-6', H-5' ), 3.58 - 3.48 (m, 2H, H-4\ H-3’), 3.36 
(br t, 1H, H-15), 3.27 (t, J 8.0Hz, 1H, H-2'), 3.15 (br m, 1H, H-14), 
2.82 (br m, 1H, H-14), and 2.39 (m, 1H, H-20) ppm.
*H NMR (DMSO-d6, Varían Unity 400 MHz): 5 8.61 (s, 1H, NH), 8.26 
(d, J 7.6Hz, 1H, H-9), 8.22 (d, J 5.6Hz, 1H, H-5), 7.97 (d, J 5.2Hz, 1H, 
H-6), 7.71 (d, J 8.0Hz, 1H, H-12), 7.60 (t, J 7.6Hz, 1H, H -ll), 7.28 (t, 
J 7.6Hz, 1H, H-10), 7.24 (s, 1H, H-17), 6.05 (ddd, J 18.0, 12.0, 10.0Hz, 
1H, H-19), 5.58 (d, J 7.6Hz, 1H, H-21), 5.53 (br s, 4H, OH for sugar), 
4.87 (d, J 18.0Hz, 1H, H-18trans), 4.71 (d, J 12.8Hz, 1H, H-18cis), 4.69 
(d, J 8.0Hz, 1H, H-l'), 3.83 (d, J 10.6Hz, 1H, H-6') 3.60 (t, J 12.0Hz, 
1H, H-6'), 3.27 (t, J 8.4Hz, 1H, H- 4’), 3.16 (t, J 6.0Hz, 1H, H-14), 3.14 
(t, J 8.8Hz, 1H, H-3’), 3.01 (t, J 8.0Hz, 1H, H-2') and 2.53 (m, H-20) 
ppm .
7.2.5.5 Spectroscopic Data for Oa-4A-2.
white amorphous solid 
m .p. 220-223°C (uncorrected)
[a ]D-211.5° (8.69 x 10-2, CH3OH)
UV (CH3OH): Xmax 289.2, 272.4, 226.6 and 218.0 nm.
CD (CH3OH, 5.0 x IO-5 M): A 2289 -9.8; A 2267 -3.6; AS 223 -30.4.
lH  NMR (CD3OD, Varian Unity 400 MHz): 8 7.51 (s, H-17), 7.48 (d, 
J 8.0Hz, 1H, H-9), 7.37 (d, J 8.0Hz, 1H, H-12), 7.15 (t, J 7.0Hz, 1H, 
H -ll) , 7.06 (t, J 7.0Hz, 1H, H-10), 5.93 (br m, 1H, H-19), 5.70 (br d, 
1H, H-20), 5.34 (d, J 17.0Hz, d, H-18trans)> 5.27 (d, J 10.0Hz, 1H, 
H -18cis), 4.79 (d, J 7.0Hz, 1H, H-l'), 4.65 (m, 1H, H-3), 3.58 (m, 1H,
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13C NMR (CD3OD, Varian Unity 100.6 MHz): 6 137.3 (C-13), 128.3 
(C-8), 124.1 (C - ll) ,  121.4 (C-10), 120.1 (C-9) 113.1 (C-16), 101.2 
(C -l'), 97.6 (C-21), 79.4 (C-3’), 78.8 (C-5'), 75.2 (C-2'), 73.4 (C-4'),
62.9 (C-6’), and 46.2 (N-CH3) ppm.
7.2.6 Iso la tio n  o f O a-W S-M e-I and  O a-W s-M e-II
To the semipurified water soluble alkaloid (Oa-WS), 66.5 mg, 
in CH3OH was added CH2N2 (excess). The reaction mixture was left 
overnight. After solvent evaporation under vacuum, the methylated 
alkaloids were isolated by PTLC on SGF254 developed in CH3OH. A 
major band appeared as bright blue under UV254 and a minor dark 
blue band were obtained, and labelled as Oa-WS-Me-I and Oa-WS- 
Me-II respectively.
Oa-WS-Me-I obtained as a dark brown resin, 53.2 mg, was 
purified by HPLC on a Ci8 column (Radial-Pak), using isocratic 
elution with 60% CH3OH/H2O at 1.0 ml/min with the UV detector set 
at 254 nm. The major component eluting after 16.3 mins was once 
again rechrom atographed by HPLC on a sem i-preparative Ci 8 
column the component eluted at 10.5 min. with 80% CH3OH/H2O at
1.5 ml/min using UV detection at 254 nm. Oa-WS-Me-I was 
obtained as white solid in 14.7 % yield, 9.8 mg.
Oa-WS-Me-II, a light brown resin, 18.2 mg, was purified by 
HPLC on sem i-preparative C18 column eluting out with 80% 
C H 3 O H /H 2 O  at 1.5 ml/min with UV detection at 254 nm. The 
alkaloid eluted after 28 min.
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7.2.6.1  S p e c t r o s c o p ic  D a t a  f o r  O a - W S - M e - I
M S ( L R F A B )  : 5 2 7 . 0  (M  +  H )
[<x] d 30 - 1 3 6 .9 0  ( 2 .2 6  x  1 0 ' 4 g/m l, C H 3 O H )
C D  ( C H 3 O H , 1 .5  x  1 0 -4 M ): A Z 339  =  + 7 . 1  ; A X 304 =  -0.6  
1 H  N M R  ( D M S O - d 6 , V a ria n  U n ity  4 0 0  M H z ): 5  8 .3 6  (d, J  5 .2 H z , 1H , 
H -5 ) , 8 .2 8  (d, J  8 .0 H z , 1H , H -9 ), 8 .0 7  (d, J  5 .6 H z , 1H , H -6 ), 7 .6 4  (d, 
J  8 .0 H z , 1H , H - 1 2 ) ,  7 .6 0  (t, J  8 .0 H z, 1H , H - l l ) ,  7 .5 7  (s, H - 1 7 ) ,  7 . 3 1  (t, 
J  7 .6 H z , 1H , H -1 0 ) ,  5 . 7 5  (ddd, J  1 7 .4 ,  10 .2 ,  9 .2  H z, 1H , H -19 ) ,  5 .6 1  (d, 
J  5 .2 H z ,  1H , H - 2 1 ) ,  5 .0 4  (dd, J 1 0 . 8 ,  2 H z , 1H , H - 1 8 c is ), 4 .8 4  (d, 
J  1 7 .2 H z ,  1 .0 H z , 1H , H - 1 8 trans), 4 .6 6  (d, J  8 .0 H z, 1H , H - l ’), 3 . 8 1 - 3 . 7 7  
(m, H - 1 5 ) ,  3 .6 8  (d, J  6 .0  H z, 1H , H -6 ’), 3 .6 4  (q, J  6 .0H z, H -1 4 ) ,  3 .6 1  (s, 
O C H 3 ), 3 . 5 7  - 3 . 5 1  (m , H -6 ', and H - 5 ’), 3 .3 0 - 3 .0 9  (m , H - 1 4 ,  H -2 ’, and 
H -3 ') ,  and 2 .8 2 ,  (quintet, J . 3 . 5 . , 2 . 5 . H z, 1H , H -2 0 ) ppm .
7.2.6.2  S p e c t r o s c o p ic  D a t a  f o r  O a - W S - M e - I I
C D  ( C H 3O H , 9 .5  x  IO-5 M ): A S 2 90 =  + 6 .4  ; A 2 28o =  + 3 .5 ;  A Z 273 =  + 2.6 
* H  N M R  ( C D 3 O D , V a r i a n  U n ity  4 0 0  M H z ): 8 7 .5 8  (s, 1H , H - 1 7 ) ,  
7 . 4 1  (d, J  8 .0 H z, 1H , H -9 ), 7 . 3 1  (d, J  8 .1H z , 1H , H - 1 2 ) ,  7 .0 7  (td, J  7 .8 ,  
1 .2 H z , 1H , H - l l ) ,  6 .9 9  (td, J  7 .6 , 1 .2 H z , 1H , H -10 ) , 5 .8 6  (ddd, J  1 7 .4 ,  
10 .8 , 8 .0 H z, 1H , H -1 9 ) ,  5 .6 2  (d, J  6 .6H z, 1H , H - 2 1 ) ,  5 .3 6  (d, J  17 .3 H z ,  
1 H , H - 1 8 trans), 5 .3 0  (d, J  10 .5 H z , 1H , H - 1 8 cis), 4 .7 5  (d, J  7 .8 H Z , 1H ,  
H - l ’), 3 .9 4  (dd, J  1 2 .0 ,  1 .0 H z , 1H , H -6 '), 3 .8 7  (t, J  6 .6H z, 1H , H -3 ) ,  
3 . 7 4  (s, 3 H , C H 3 O C O -), 3 .6 4 - 3 .6 6  (m , 2 H , H -6 ’ , H - 5 ’ ), 3 . 4 1  (qt, 
J  8 .7 H z , 1H , H - 3 ’), 3 . 3 4  (qt., J  8.8  H z, 1H , H -4 ’), 3 . 3 2  (m , 1H , H -5 ), 
3 . 2 5  (t, J  9 .0 H z , 1H , H - 2 ’), 2 .9 4 - 2 .8 7  (m , 2 H , H -5  and H -6 ), 2 .7 6  (br
q, J  6 .1H z , 1H , H -2 0 ), 2 .6 6 -2 .6 0  (m , 1H , H -6 ), 2 .5 3  (s, 3 H , N - C H 3 ), and 
1 .9 9 - 2 .0 0  (m , 2 H , H - 1 4 ) .
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7 . 2 . 7  S y n t h e s i s  o f  p - C a r b o l i n e  D e r i v a t i v e s  
7 . 2 . 7 . 1 . 1 , 9 - D i m e t h y l - p - c a r b o l i n e  5 6  
M e t h o d  1 :
To a stirred solution of harman 1 0  (1-m ethy l-P -carbo line, 
55.92 mg, 3.07 x 10-4 mole) in CH3OH ( 5 ml) was added CH3I (43.60 
mg, 19 ul, 3.07 x 10~4 mole) and K2CO3 (67.27 mg). After 15 mins, 
the colourless solution turned yellow. On concentration under 
vacuum, a yellow solid was obtained which was extracted with 
benzene, dried and petroleum ether (30-60°) added. The solid did 
not dissolve in petroleum ether but turned brown when CHCI3 was 
added. The *H NMR spectrum (90 MHz, CDCI3) showed the presence 
of the indolic proton indicating the the indole nitrogen had not been 
m eth y la ted  
M e t h o d  2 :
To a stirred solution of harman 1 0  (50.28 mg, 2.76 x 10-4
mole) in CH3OH (5 ml) was added K2CO3 (49.90 mg). The mixture
was refluxed for 30 mins, and cooled to RT then CH3I (39.16 mg, 
17 p i) was added. The solution was stirred at room temperature
overnight. The yellow solution upon evaporation of the solvent gave 
a yellow solid. The solid was washed with H2O and the residue 
dissolved in CH3OH. The alcohol soluble solid gave a dirty white 
solid upon concentration under vacuum. The tic and NMR spectrum 
again indicated that harman was still present.
M e t h o d  3 :
To a stirred solution of harman 10 in CH3OH was added
CH 31(40 jil). The solution was stirred at room temperature for about 
5 min. then KHCO3 (40 mg) was added. The solution was stirred 
overnight. The green solution was concentrated under vacuum to
168
green  m aterial. T h e  l R  N M R  sp ectru m  sh o w ed  the ab sen ce o f the 
in d o lic  proton and the appearance o f the sign al at 6 4 .0 8  ( s ,lH ) ,  3 . 3 4
( s , l H )  and 3 . 0 9 ( s , l H ) .  P o o r  y ie ld  o f  the d e sire d  p ro d u ct w a s  
o b ta in e d .
M e t h o d  4 :  S o d a m i d e  R e a c t io n
Preparation o f sodamide:
L iq u id  a m m o n ia  w a s  p re p a re d  b y  p a s s in g  am m o n ia  g a s  
through a co ld  fin ger. A m m o n ia  gas w a s added until about 10  m l o f  
N H 3 liq u id  had con densed into the flask . D ry  ice w a s continuously  
added to k eep  the w h o le  sy ste m  at a p p ro x im a te ly  - 7 7 ° c . T o  the 
stirred solution o f liqu id N H 3 , sm all p ieces o f N a  m etal (0 .0 4 0  gm .) 
w e re  ad d ed  s lo w ly  u n til it c o m p le te ly  d is so lv e d  g iv in g  a blue  
solution o f  sodam ide. 
l , 9 - D i m e t h y l - | 3 - c a r b o l i n e  5 6
M e ta llic  N a  (0 .9 2 8  g, 2 .9 4 2  x  1 0 - 3  m ole) in sm all p ieces w as  
added w ith stirring to liquid N H 3 ( 3 0  m l) containing Fe(NC>3)3  • 9 H 2 O 
as a c a ta ly s t . W h e n  the so lu tio n  turned dark  b lu e, harm an 1  0 
( 1 -m e t h y l-p -c a r b o lin e , 0 . 5 3 5 4 2  g, 2 .9 4 2  x  1 0 ~3 m ole) w as added to 
the stirred  m ixtu re . A ft e r  1 5  m in s., C H 3 I ( 2 5 0  p i)  in dry E t2 0  
( 2 0  m l) w a s  s lo w ly  added into the so lu tio n . T h e  so lu tio n  w a s  
c o n tin u o u sly  stirred un der N 2 atm osphere until the solution dried. 
T h e  p a le  y e llo w  so lid  w ith  dark b ro w n  re sid u e  w a s stirred in 
b e n z e n e . T h e  b e n z e n e  s o lu b le  ( c o l o u r le s s )  m a te r ia l  w a s  
c o n c e n tra te d  u n d er v a c u u m  y ie ld in g  a p a le  y e llo w  so lid . T h e  
p ro d u ct w a s  p u rifie d  b y  co lu m n  ch ro m ato grap h y on silica  (M e rc k  
7 7 3 4 )  e lu tin g  w ith  C H C I 3 co n ta in in g  in c re a sin g  C H 3 O H . 1 - 9 -  
d im e t h y l -p - c a r b o l in e  5 6  w a s obtained as b eige crysta ls, m. pt. 9 9 -
1 0 0 ° C  and obtained in 3 7 %  yield .
1 6 9
U V  (CH3OH, 7.36 x 10-3 mg/ml):A.max359.4 (24613.3), 343.6
(£4186.7), 288.0 (£27,786.7), 261.4 (£38,720.0), 254.2 (£38,133.3),
243.6 (236.160.0) and 209 (£23,920.0) nm.
XH NMR (CD3OD, Varian Unity 400 MHz):8 8.09 (d, 2H, H-3 and 
H-5), 7.85 (d, J 5.2Hz, 1H, H-4), 7.60 (t, J 8.4 Hz, 1H, H-7), 7.50 (d, 
J 8.4Hz, 1H, H-8), 7.27 (t, J 7.2Hz, 1H, H-6), 4.02 (s, 3H, N1-CH3), and
2.98 (s, 3H, C1-CH3) ppm.
13C NMR (CD3OD, 22.5 MHz): 5 143.8 (C -l), 142.9 (C-8a), 137.8 
(C-9a, C-3), 130.4 (C-4a), 129.5 (C-7), 122.3 (C-5), 122.2 (C-4b),
120.8 (C-6), 111.1 (C-4), 110.7 (C-8), 32.47 (N1-CH3), and 22.72 
(C1-CH3) ppm.
1H NMR (CDCI3, 90MHz): 5 8.29 (d, J 5.3Hz, 1H, H-3), 7.97 (dd, J 8.4, 
1.0Hz, 1H, H-5), 7.64 (d, J 5.3Hz, 1H, H-4), 7.55 (dd, J 8.0Hz, 1Hz, 1H, 
H-8), 7.46 (t,lH, H-7), 7.23 (t, J 8.0Hz, 1H, H-6), 3.76 (s, 3H, N1-CH3), 
and 2.94 (s, 3H, Ci - CH3).
13C NMR (CD CI3, 22.5 MHz): 8141.6 (C -l), 141.1 (C-8a), 135.1 
(C-9a), 137.4 (C-3), 128.0 (C-4a), 127.5 (C-7), 120.7 (C-5), 120.5 
(C-4b), 119.0 (C-6), 112.1 (C-4), 108.7 (C-8), 31.40 (N1-CH3), and
23.0 (C1-CH3).
7.2.7.2 l,9-D im ethyl-(3-carboline N-oxide 57
To an ice-cooled stirred solution of 56. (190.8 mg, 9.7 x 10-4 
mole) in CHCI3 (6 ml) was added, m -chloroperoxybenzoic acid 
(0.27 g, 1.6 x 10"3 mole, 1.62 eq.) in CHCI3 (4 ml). The solution was 
stirred for 3 hrs. until the solution cooled down to RT. The yellow 
reaction mixture was passed through a column of AI2O3 (basic) 
eluted with CHCI3 in order to remove excess m-CPBA and any 
unreacted amines. The N-oxide derivative was eluted with 
C H C l3 :C H 30H  (3:1). The eluate was concentrated under vacuum
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yielding a beige solid. The product was purified by column 
chromatography on silica (Merck 7734) eluting with CHCI3 
containing increasing concentrations of CH3OH. The N-oxide 
derivative was obtained as a white amorphous solid, m.pt. 183- 
184°C in 57% yield.
UV (CH3OH, 1.7 x 10-2 mg/ml): Xmax317.2 (£14,565.5), 261.4
(£23,258.4) and 219.4 (£13,089.9) nm.
LRFABMS (glycerol matrix): mlz 213 (M+H) with a strong signal at 
mlz at 196 (loss of O).
XH NMR (CD3OD, Varian Unity 400 MHz): 5 8.24 (d, J 6.8Hz, 1H, H-3),
8.16 (d, J 8.0Hz, 1H, H-5), 8.06 (d, J 6.4Hz, 1H, H-4), 7.65 (t, J 5.2Hz, 
1H, H-7), 7.64 (d, J 7.2Hz, 1H, H-8), 7.37 (dd, J 8.0, 1.0Hz, 1H, H-6),
4.16 (s, 3H, N1-CH3), and 3.12 (s, 3H, C1-CH3) ppm.
1H NMR (CDCI3, Varian Unity 400 MHz): 6 8.23 (d, J 6.8Hz, 1H, H-3),
7.99 (d, J 8.0Hz, 1H, H-5), 7.63 (d, J 6.8Hz, 1H, H-4), 7.54 (t, J 8.4Hz, 
1H, H-7), 7.42 (d, J 8.4Hz, 1H, H-8), 7.29 (d, J 7.6Hz, 1H, H-6), 4.09 (s, 
3H, N1-CH3), and 3.07 (s, 3H, C1-CH3) ppm.
13C NMR (CDCI3, 22.5 MHz): 5143.5 (C-l), 142.7 (C-8a), 134.8 
(C-9a), 131.5 (C-3), 128.3 (C-4a), 127.9 (C-7), 122.6 (C-5), 120.8 
(C-4b), 120.8 (C-6), 113.4 (C-4), 109.5 (C-8), 32.6 (N1-CH3) and 29.6 
(Ci - CH3).
7 . 2 . 7 . 3  l - A c e t o x y m e t h y I - 9 - m e t h y l - P - c a r b o l i n e  5 8
To (4.675 x 10‘4 mol) was added acetic anhydride 
(4.7 x 10‘4 mol, 0.05 g). The yellow solution was refluxed with the 
resulting red reaction mixture turning to a dark brown after an 
hour. The product was isolated and purified by column 
chromatography eluting with CHCI3 with increasing concentrations 
of CH3OH affording a yellow amorphous solid in 90% yield.
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UV (CH3OH, 4.2 x 10-6 mg/ml): Jimax359.2 (£20,121.2), 348.8
(£ 1 9 ,7 5 7 .6 ), 290.4 (£55818 .2), 264.0 (£ 8 5 ,5 4 5 .4 ) , 238.8
(£114,545.4), 210.2 (£45,878.8) and 207.2 (£45, 939.4) nm.
*H NMR (CD3OD, Varian Unity 400 MHz): 8 8.33 (d, J 5.6Hz, 1H, H-3), 
8.26 (d, J 8.0Hz, 1H, H-5), 8.19 (d, J 5.6Hz, 1H, H-4), 7.74-7.69 (m, 
H-7 and H-8), 7.37 (t, J 7.6Hz, 1H, H-6), 5.76 (s, 2H, H-10), 4.17 (s, 
3H, N1-CH3), and 2.18 (s, 3H, H-16, OCOCH3) ppm.
1H NMR (CDCI3, Varian Unity 400 MHz): 8 8.45 (d, J 5.2Hz, 1H, H-3), 
8.14 (d, J 8.0Hz, 1H, H-5), 7.99 (d, J 5.2Hz, 1H, H-4), 7.63 (td, J 7.6, 
1.0Hz, 1H, H-7), 7.48 (d, J 8.4Hz, 1H, H-8), 7.31 (t, J 7.6Hz, 1H, H-6),
5.71 (s, 2H, H-10), 4.08 (s, 3H, N1-CH3), and 2.14 (s, 3H, H-16, 
OCOCH3) ppm.
13C NMR (CDCI3, 22.5 MHz): 5173.1 (C=0), 140.8 (C-l), 136.1 (C-8a),
134.5 (C-9a), 136.4 (C-3), 129.0 (C-4a), 127.2 (C-7), 120.0 (C-5),
119.4 (C-4b), 118.5 (C-6), 113.6 (C-4), 108.0 (C-8), 64.5 (C-10), 30.2 
(N1-CH3) and 19.4 (OCOCH3).
1.2.1 A  l-H y d ro x y m e th y l-9 -m e th y l-P -carboline 59
To 58. (2.079 x 10-5 mol) was added absolute EtOH and NaOH 
(2N, 1 ml). The solution was stirred for 1.5 hrs. on a warm (approx. 
70°C) hotplate. The reaction mixture was worked up by evaporating 
the organic solvent. Upon neutralisation with HC1 (IN ), the 
1 -hydroxym ethyl-9-m ethyl-P -carboline precipitated out affording 
a yellow amorphous solid, m. pt. 178-179°C
U V  (CH3OH, 5.9 x 10-5 mg/ml): Xmax359.6 (Z2413.7), 346.6
(Z 2356 .1 ), 290.4 (Z6787.8), 263.6 (Z 7967.6), and 208.8
(Z2949.6) nm.
1H NMR (CD3OD, Varian Unity 400 MHz): 5 8.28 (d, J 5.2Hz, 1H, H-3), 
8.24 (d, J 7.6Hz, 1H, H-6), 8.13 (d, J 5.6Hz, 1H, H-4), 7.69-7.68 (m,
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H-7 and H-8), 7.35 (ddd, J 7.8, 5.6, 2.4Hz, 1H, H-6), 5.24 (s, 2H, 
H-10), and 4.29 (s, 3H, N j-CH3) ppm.
13C NMR (CD3OD, 22.5 MHz): 8146.1 (C-l), 144.6 (C-8a), 134.5 
(C-9a), 137.6 (C-3), 129.0 (C-4a), 129.8 (C-7), 122.4 (C-5), 119.4 
(C-4b), 121.0 (C-6), 115.8 (C-4), 110.9 (C-8), 64.8 (C-10), and 32.0 
(N1-CH3) ppm.
1H NMR (C D C I3, 90 MHz): 88.36 (d, J 5.3Hz, 1H, H-3), 8.13 (d, 
J 7.4Hz, 1H, H-5), 7.90 (d, J 5.3Hz, 1H, H-4), 7.62 (td, J 7.7, 1.4Hz, 1H, 
H-7), 7.52 (d, J8.4Hz, 1H, H-8), 7.29 (dd, J 7.9, 1.1Hz, 1H, H-6), 5.34 
(s, 2H, H-10), and 4.08 (s, 3H, N1-CH3) ppm.
13C NMR (CDCI3, Varian Unity 100.6 MHz): 8142.0 (C -l), 141.8 
(C-8a), 136.5 (C-3), 133.9 (C-9a), 129.1 (C-4a), 128.4 (C-7), 121.5 
(C-5), 121.1 (C-4b), 119.9 (C-6), 114.1 (C-4), 109.5 (C-8), 62.0 
(C-10), and 32.0 (N1-CH3).
7.2.7.5 1-M ethyl-P-carboline N-oxide 60
To an ice-cooled solution of J_£L (3.165 x 10"-“’ mol) in CHCI3 
was slowly added a solution of m -chloroperoxybenzoic acid (7.12 
mg) in CHCI3. The reaction mixture was passed through a column of 
basic alumina with the unreacted amines and m -CPBA eluted with 
CHCI3. The N-oxide derivative was purified by PTLC on silica (Merck 
5554) developed in 90% CHCI3 in CH3OH. The dark blue band under 
U V 254  afforded upon concentration a pale yellow solid (85 % yield). 
UV (CHCI3, 5.72 x 10-3 mg/ml): Xmax321.0 (129,409.7), 255.0
(240694.4), 232.4 (220034.7), 224.2 (220694.4), and 216.0
(223958.3) nm.
LRFA BM S (glycerol matrix): m lz  199 (M + H+) with a strong 
tendency to lose oxygen.
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XH NMR (CD3OD, Varian Unity 400 MHz): 8 8.22 (d, J 6.8Hz, 1H, H-3),
8.17 (d, J 7.6Hz, 1H, H-5), 8.07 (d, J 6.8Hz, 1H, H-4), 7.62 (d, J 8.0Hz, 
H-8), 7.59 (t, J 8.0Hz, 1H, H-7), 7.34 (t, J 8.0Hz, 1H, H-16), and 2.86 
(s, 3 H, C1-CH3) ppm.
13C NMR (CD3OD, 22.5 MHz): 5143.8 (C-l), 137.8 (C-8a), 137.3 (C-3),
131.8 (C-9a), 129.5 (C-4a), 129.4 (C-7), 124.1.(C-5), 122.7 (C-4b),
120.8 (C-6), 115.6 (C-4), 113.0 (C-8), and 12.8 (C1-CH3) ppm.
lH  NMR (CDCI3, 90 MHz): 8 8.78 (br s, indole NH, D2O exchangeable), 
8.21 (d, J 7.2Hz, 1H, H-3), 7.98 (d, J 8.1Hz, 1H, H-5), 7.71 (d, J 7.2Hz, 
1H, H-4), 7.50-7.30 (m, 3H, H-6, H-7, H-8), and 2.81 (s, 3H, 
C1-CH3) ppm.
7.2.7.6 1-Acetoxymethyl-P-carboline 61
To <L2. (1.56 x 10-5 mole) was added, acetic anhydride (1 eq). 
The mixture was refluxed in an oil bath for 1 hr. The red coloured 
solution was cooled to RT. Isolation and purification of the ester was 
carried out by column chromatography on silica (Merck 7734) 
eluting first with CHCI3, then with 3% CH3OH in CHCI3. The major 
product was obtained as a yellow solid in 31% yield.
LRFA BM S (glycerol m atrix):m /z 241(M+H), 198 (MH-43), 182 
(MH-59).
lH  NMR (CDCI3, 90 MHz): 5 9.30 (br s, indole NH, D2O exchangeable), 
8.43 (d, J 5.3Hz, 1H, H-3), 8.10 (d, J 7.6Hz, 1H, H-5), 7.94 (d, J 5.3Hz, 
1H, H-4), 7.54-7.30 (m, 3H, H-6, H-7, H-8), 5.64 (s, 2H, H-12) and 
2.14 (s, 3H, OCOCH3) ppm.
13c NMR (CDCI3, 22.5 MHz): 8172.4 (C=0), 140.6(C-1), 135.0 (C-8a),
138.6 (C-3), 130.2 (C-9a), 123.8 (C-4a), 128.8 (C-7), 129.7 (C-5),
121.7 (C-4b) , 120.3 (C-6), 123.8 (C-4), 111.9 (C-8), 65.6 (C-10) and
21.0 (OCOCH3).
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13C NMR (CD3OD, 22.5 MHz): 8 143.5(C-1), 142.8 (C-8a), 139.7 
(C-9a), 138.1 (C-3), 122.2 (C-4a), 130.0 (C-7), 122.7 (C-5), 125.0 
(C-4b), 121.0 (C-7), 116.2 (C-4), 113.0 (C-8), 65.6 (C-10) and 20.7 
(OCOCH3).
1.1.1.1  l-A cetoxym ethy l-9 -ace ty l-P -carbo line  62
To (lIL (1.36 x 10‘4 mole) was added 2 equivalents of acetic 
anhydride. The mixture was refluxed in an oil bath for 1.5 hrs. The 
red solution after purification by column chromatography in CHCI3 
with increasing concentration of CH3OH afforded the desired 
product and the 1-acetomethyl-P-carboline.
UV (CH3OH, 2.23 x 10-2 mg/ml): 7.323.2 (e 4156.7), 283.6 (9955.8),
253.6 (9943.1) and 230.6 (21478.2) nm.
LRFABMS (nitrobenzoic acid): m/z 282 (M+H)
lH  NMR (CD3OD, Varian Unity 400 MHz): 8 8.54 (d, J 5.2Hz, 1H, H-3), 
8.20 (d, J 6.8Hz, 1H, H-5), 8.10 (d, J 5.2Hz, 1H, H-4), 8.04 (d, J 6.0Hz, 
H-8), 7.74 (t, J 7.8Hz, 1H, H-7), 7.52 (t, J 7.6Hz, 1H, H-6), 5.50 (s, 2H, 
H-10), 2.95 (s, 3H, NCOCH3), and 2.10 (s, 3H, OCOCH3) ppm.
13c NMR (CD3OD, 22.5 MHz): 8142.8 (C-8a), 139.7 (C-9a), 143.7
(C-3), 131.5 (C-7), 125.1 (C-5), 118.0 (C-4b), 123.0 (C-6), 116.0 
(C-4), 115.6 (C-8), 68.1 (C-10), 26.9 (NCOCH3) and 20.6 (OCOCH3).
1H NMR (CDCI3, 90 MHz): 8 9.26 (br s, indole NH, D20  exchangeable), 
8.54 (d, J 6.3Hz, 1H, H-5), 8.42 (d, J 5.4Hz, 1H, H-3), 81.2 (d, J 8.1Hz, 
1H, H-8), 7.95 (d, J 5.4Hz, 1H, H-4), 7.72 (m, 2H, H-6, H-7), 5.64 (s, 
2H, H-10), 2.78 and 2.74 (s, 3H, NCOCH3, 2:1 isomer), and 2.15 (s, 3H,
OCOCH3).
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7.2.7.8 1-H ydroxym ethyl-p-carboline 63
To £2. (1.94 x 10'5 mol), in abs EtOH was added, NaOH (2 eq.). 
The reaction mixture was stirred over a warm (60° C) hotplate for 
1.5 hrs. After neutralisation and concentration, a yellow solid was 
obtained affording the 1-hydroxymethyl-p-carboline.
UV (CH3OH, 3.2 x 10-5 g/ml): ?tmax348.6 (£370.0), 337.2 (£3638.6),
288.2 (£11,825.5), 249.4 (£13601.5), 243.6 (£13,688.1) nm.
1H NMR (CD3OD, 400 MHz):6 8.25 (d, J 5.2Hz, 1H, H-3), 8.20 (d, J 
7.6Hz, 1H, H-5), 8.06 (d, J 5.6Hz, 1H, H-4), 7.62 (d, J 7.6Hz, 1H, H-8), 
7.60 (t, J 7.8Hz, 1H, H-7), 7.29 (ddd, J 7.8, 5.6, 2.4Hz, 1H, H-6), and 
5.10 (s, 2H, H-10) ppm.
13C NMR (CD3OD, 22.5 MHz): 5145.1 (C-l), 137.8 (C-8a), 135.4 
(C-9a), 137.6 (C-3), 129.4 (C-4a), 129.6 (C-7), 122.5 (C-5), 120.8 
(C-4b), 121.0 (C-6), 115.2 (C-4), 112.9 (C-8), and 64.7 (C-10) ppm.
7.2.7.9 l-Methyl-9-acetyl-P-carboline 64
To 1 £  (2.70 x 10-4 mol) was added acetic anhydride (1 eq.). 
The reaction mixture was refluxed on an oil bath for 1.5 hrs. 
Following the same purification as above, the acetyl derivative was 
obtained. The XH NMR spectrum showed the occurrence of rotational
isom ers.
lH  NMR (CD3OD, Varian Unity 400 MHz): 5 8.32 (d, J 5.2Hz, 1H, H-3, 
major), 8.08 (d, J 5.2Hz, 1H, H-3, minor), 8.04 (d, 1H, H-5, minor),
7.99 (d, J 8.0Hz, 1H, H-5), 7.85 (d, J 8.5Hz, 1H, major), 7.78 (d, 
J 5.6Hz, 1H, minor), 7.74 (d, J 5.6HZ, 1H, major), 7.58 (td, J 8.0, 1.6Hz, 
1H, major), 7.54-7.51 , 7.37 (td, J 7.6,1.0Hz, major), 7.21 (td, J 6.8, 
2.4Hz, minor), 2.75 (s, 3H, NCOCH3), and 2.59 (s, 3H, CH3).
1H NMR (CDCI3, Varian Unity 400 MHz): 5 9.26 (br s, indole NH, D20
exchangeable), 8.52 (d, J 5.2Hz, 1H, H-3, major), 8.33 (d, J 5.2Hz, 1H,
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1 3 C  N M R  ( C D C 1 3 ,  V a n a n  U n ity  10 0 .6  M H z ):
M a j o r  i s o m e r :  S 1 7 0 . 0  ( C = 0 ) ,  1 4 6 .8  ( C - l ) ,  1 4 1 . 8  ( C - 8 a), 1 3 4 . 8  
( C -9 a ) ,  1 4 3 . 3  ( C - 3 ) ,  1 3 3 . 9  ( C -4 a ) ,  1 2 9 .6  ( C - 7 ) ,  1 2 3 . 7  ( C - 5 ) ,  1 2 1 . 9  
(C -4 b ), 1 2 1 . 4  ( C - 7 ) ,  1 1 4 . 7  (C -4 ) , 1 1 1 . 7  ( C -8 ), 2 5 .0  (NCO£H3) and 2 0 .3  
(CH3).
M i n o r  i s o m e r :  5 1 7 0 . 0  ( C = 0 ) ,  1 4 6 .8  ( C - l ) ,  1 4 0 .3  ( C - 8a), 1 3 4 . 7  
( C -9 a ) , 1 3 8 . 2  ( C - 3 ) ,  1 2 8 . 1  ( C -4 a ) ,  1 2 8 .0  ( C - 7 ) ,  1 2 1 . 7  ( C - 5 ) ,  1 2 4 .9  
(C -4 b ), 1 1 9 . 8  ( C -6 ), 1 1 2 . 8  (C -4 ) , 1 1 1 . 6  ( C - 8), 2 7 . 1  (NCOCH3) and 2 0 .3  
(CH3).
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7 .3  E x p e r im e n ta l S ec tio n  F o r  C hapter 3
7.3.1 NMR Spectroscopy
*H  and ! 3 C  N M R , 2 -D  C O S Y  and N u cle a r O verhauser E ffe c t  
d ifferen ce spectra w ere m easured in C D C I3 solution at 40 0  M H z on a 
Je o l J N M  G X -4 0 0  N M R  spectrom eter for solutions in C D C I3 and were  
referenced relative  to T M S , 60.0 . F o r the C O S Y  spectrum  2 5 6  blocks 
o f I K  w ere  co llected  w ith 3 2  scans per block. T h e data m atrix w as 
zero filled  once in F i  to obtain a 5 1 2  x  I K  m atrix prior to Fourier 
t r a n s fo r m a t io n .
7.3.2 Collection of Sample
T h e sam ple o f  T a l a u m a  g i t i n g e n s i s  w a s obtained from  the 
island o f  P alaw an  in Southern Philippines in A p ril 1 9 8 7 .  A  voucher 
specim en  N o . R B M  0 3 5  o f  the plant is kept at the R esearch Centre  
fo r the N a tu ra l S c ie n c e s , U n iv e rs ity  o f  S a n to  T o m a s, M a n ila , 
P h ilip p in es. Identification  o f the plant w as done b y  R . M adu lid  and 
D r. D . M adu lid  o f the N ational M useum , Philippines.
7.3.3 Plant Description
E l m e r 2 ! 3 dscribed the plant as a shrub w ith teret branchlets. 
T h e  le a v e s  are r ig id ly  ch artaceo u s, altern atin gly  clu stered at the 
ends o f  the tw ig s, spreadin g in all direction s and are shiny deep  
g re en  a b o v e  and p a le r  ben eath . T h e ir  m argin s are entire and 
s lig h tly  re vo lu te  in the d ry state, acute to acum inate tow ard the 
b lu n tly  rou n ded end. L e a v e s  are o b lo n g to la n c e o la te ly  ob lon g, 
ab o u t 1 5  cm  lo n g  w ith o u t p e tio les. T h e  fru its are term inal or 
subterm inal; dark green, o void , 4  cm  long or less, brow n w hen dry,
F i g u r e  49. Talauma gitingensis (Magnoliaceae) P l a n t .
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so m ew h at co m p ressed , w id e r than their length, attached from  the 
apex to the w in ged  and irregu larly grow ed central axis. (Figure 49 ).
7 . 3 . 4  E x t r a c t i o n  a n d  I s o la t io n  o f  A lk a lo id s
G rou n d dried le a v e s o f T a l a u m a  g i t i n g e n s i s  (3 . 1  k g) w ere  
e x h a u stiv e ly  extracted  w ith  9 5 %  E tO H  until the le a ve s g a v e  a 
n eg a tive  resp on se w ith  D ra g en d o rff reagent. U po n  concentration in 
va cu o  at tem p. <  5 0 ° ,  a dark green resinous extract (4 5 0  g) w as  
o b ta in e d .
T h e  a lco h o lic  extract w a s partitioned betw een E t2 0  and 1 %  
H 2 S O 4 . T h e  aq u eo u s la y e r  w a s b a sifie d  to p H  9 - 1 0  w ith  
co n cen trated  N H 3 and extracted with C H C I3 . The organic layer w as 
w a sh e d  o n ce w ith  H 2 O , d ried  o v e r an h yd ro u s N a 2 S C >4 and 
concentrated in vacu o  yield in g a dark green resinous extract.
T h e  C H C I 3 ex tra ct w a s p u rified  b y  flash  ch ro m ato grap h y  
eluting using C H C I3 with increasing C H 3 O H  concentrations
7 . 3 . 4 . 1  S p e c t r o s c o p ic  D a ta  fo r  T g - 3 A - 1
T g - 3 A - 1  w a s isolated b y  fla sh  ch ro m ato grap h y, eluted w ith  
C H C I 3 . T h e lem on -yellow  com pound w as purified by prep T L C  using 
1 0 %  C H 3 O H  in C H C I3 . R ecrystallisatio n  from  C H C I3 yielded bright 
y e llo w  fin e  n eed le-lik e  cry sta ls  w ith  a m p o f 2 6 8 - 2 7 0 ° C  (d e c.)  
[ 2 8 2 ° C ,  (d e c)].2 14
U V  (X m a x ), 2 4 7  ( 2 1 4 8 1 1 ) ,  2 6 8  ( E 1 2 3 8 0 ) ,  3 0 9  ( 2 3 9 5 2 ) ,  4 1 5
( 2 5 8 3 3 )  nm
I R  (F ilm  on K B r  d isc): u ma x 2 9 6 0 , 2 9 2 9 ,  2 8 5 9 ,  1 6 6 4  ( C = 0 ) ,  16 0 2 ,  
1 5 8 2 ,  1 4 9 0 ,  1 4 7 2 ,  1 4 2 5 ,  1 3 6 7 ,  1 3 1 1 ,  1 2 6 5 ,  1 2 3 3 ,  1 1 8 5 ,  1 1 6 8 ,  
1 1 2 5 ,  1 0 7 8 ,  1 0 4 5 ,  9 6 4 , 8 6 5  and 7 2 8  c m '1 .
C I M S :m / z  2 7 5  ( 10 0 % )
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* H  N M R  ( C D C I3 , B ru k er 4 0 0  M H z ): 5  6 .3 9  (s, 2 H , -O -C H 2 -O -), 7 .2 3  
( s ,lH , H -3 ) , 7 .6 1  (td ,lH , J  8 .0 , 1 .0 H z , H -10 ) , 7 .7 8  (td, 1H , J  8 .0 ,1 .0 H z ,  
H -9 ), 7 .9 0  (d, 1H , J  5 .0 H z , H -4 ), 8 .5 9  (dd, 1H , J  8 .0 ,1 .0 H z , H - l l ) ,  8 .6 7  
(dd, 1H , J  8.0, 1.0 H z , H -8 ), 8 .9 2  (d, 1H , J  5 .0 H z , H -5 )  ppm.
1 3 C  N M R  (C D C I3 , 10 0 .6  M H z): 5  9 8 .0  ( - 0 - C H 2 - 0 - ) ,  10 2 .0  ( C - 3 ) ,  1 0 3 .2  
( C - l l b ) ,  1 2 3 . 0  ( C - l l c ) ,  1 2 4 .6  ( C - 8 ), 1 2 7 . 4  ( C - l l ) ,  1 2 8 .5  (C -9 ) , 1 3 1 . 0  
( C -7 a ) , 1 3 2 . 8  ( C - l l a ) ,  1 3 4 .0  ( C - 1 0 ) ,  1 3 6 .0  ( C -3 a ) ,  1 4 4 .2  ( C - 5 ), 1 4 4 .8  
( C -6 a), 1 4 8 .0  ( C - l ) ,  1 5 2 . 0  ( C -2 )  ppm .
7 . 3 . 5  I s o la t io n  o f  th e  N o r a p o r p h in e  A l k a lo i d s
T h e  C H C I 3 extract ( 5 8 .5  m g) w as stirred w ith A C 2 O (6.0  m l) in 
P y r id in e  ( 2 .0 m l)  at 1 0 0 °  fo r  3  hrs. T h e  reactio n  m ixtu re w a s  
extracted  w ith E t2 0  (4  x 1 5  m l); w ashed subsequently w ith I N  H C 1  
(5  m l) then I N  N a O H  (5  m l). T h e E t2 0  layer w as w ashed once with  
H 2 O , d ried  o ver an h yd ro u s N a 2 S C >4 and con cen trated to g iv e  the 
acetylated  crude alk aloid s as a ligh t brow n resinous m aterial.
T h e  a c e ty la t e d  p ro d u c t w a s  c h ro m a to g ra p h e d  b y  fla s h  
c h ro m a to g ra p h y  on s il ic a  e lu tin g  w ith  h e x a n e  w ith  in c re a sin g  
am ount o f C H C I3 .
F ractio n s sim ilar by T L C  w ere  pooled together and purified by  
H P L C  on p -p o ra sil u sin g  1 0 %  E t O A c /  C H C I 3 at 1 .0  m l/m in and
detection at 2 5 4  nm.
7 . 3 . 5 . 1  S p e c t r o s c o p i c  D a t a  f o r  N - A c e t y l - T g - 3 A - 2
W h ite  am orphous solid, mp 2 2 7  - 2 2 9 °  (lit. 2 2 3 - 2 2 5 ° C ) 2 1 5  
[ a ] o 2 5  =  - 2 6 5 °  (c =  9 x 1 0 -4 g /m l)
H R E I M S :  Found: M +  3 0 7 . 1 2 1 0 ,  C 19H 17 N O 3 requires 3 0 7 .1 2 0 8  .
U V  ( C H C I3 ): Xmax3 3 0  ( £ 3 4 3 0 ) ,  2 7 2  ( £ 3 3 1 0 )  nm.
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IR :i)m ax2858, 2786,1745, 1649 ( C = 0 ,  tertia ry  a m id e ) ,1575, 1505, 
1454, 1422 and 1374 (m e th y le n e d io x y  g ro u p ), 1312, 1292, 1229, 
1051 and 959 (m e th y le n e d io x y  g ro u p ), 780 (A r -H )  and 739 c m '1 .
7.3.5.2. Spectroscopic Data for N-Acetyl-Tg-3A-3  
W h ite  am orphous so lid , mp 2 1 0  - 2 1 1 °  (lit. 2 1 3 - 2 1 4 ° C ) 2 1 6  
[ oc] d 25  =  - 4 1 7 °  (c  =  1 .5  x  1 0 ' 3 g / m l)
HREIMS: Found: M + 3 3 7 . 1 3 1 2 :  C 20H 19 N O 4 requires 3 3 7 . 1 3 1 4 .
U V  ( C H C l3 ):X max 3 0 0  ( £ 4 8 9 0 )  and 2 0 5  ( £ 1 4 2 1 ) .
IR : nm a x3 0 0 5 ,  2 9 2 7 ,  2 8 5 5 ,  2 7 8 6 ,  1 6 4 7  ( C = 0 ,  am id e), 1 6 1 2 ,  1 5 7 7 ,  
1 5 1 1 ,  1 4 6 6 ,  1 4 2 3 ,  1 3 4 3 ,  1 2 9 5 ,  1 2 6 9 ,  1 2 4 9 ,  1 1 2 3 ,  1 0 5 4 ,  9 4 7 ,  8 7 9 , .  
8 5 1  and 8 1 7  c m - 1 .
1H NMR ( C D C I3 , B ru ker 4 0 0  M H z ): 6 8 .0 4  (dd, 1H , J  8 .0 ,1 .0 H z , H - l l ) ,  
6 .9 0  ( d ,lH , J  2 .0 H z , H -8 ), 6 .8 2  (dd, 1H , J  8 .0 , 1 .0 H z , H -10 ) , 6 .5 4  (s, 
0 .6 7 H , H -3  Z -fo r m ), 6 .5 8  (s, 0 .3 3 H , H -3 ) ,  6 .0 8  &  5 .9 7  (2 d , 2 H , J  
1 .0 H z, -O -C H 2 -O -), 5 .2 0  (dd, 0 .6 7H , J  10 .0 , 4 .0 H z , H -6a Z  - form ), 4 .9 5  
(dd, 0 .3 3 H , J5ax,4ax =  9 .0 , J5ax,5eq =  2 .0 H z, H a -5  E  - form ), 4 .6 9  (dd, 
0 .3 3 H , J6a,7ax =  14 .0 , J6a,7eq =  5 .0 H z , H -6a E  - form ), 4 .0 9  (dd, 0 .6 7H , 
J5ax,4ax =  12 .0 ,  J5ax,5eq =  2 .0 H z, H a -5  Z  - form  ), 3 .8 5  (3s , 1 H , - O C H 3 
at C -9 ) , 3 . 3 2  (td, J5eq,4ax =  1 3 .0 ,  J5eq,5ax =  2 .0H z, H e-5  Z  - form ), 3 . 1 3  
( dd, 0 .6 7 H , J7ax,6a =  14 .0 , J7eq,6a =  4 .0 H z , H e-7  Z  - form , 0 .3 3 H , H a- 7  
E  - fo rm ), 2 .7 8 - 2 .8 6  (m , 1H , H a-7  Z -fo rm s, H e- 7 ,  E -fo r m ), 2 . 5 8 - 2 . 7 7  
(m , H e -5  E  - form , H a,e -4  Z  &  E  - form s) and 2 .2 0  and 2 . 1 9  (3H , 2 s ,  
C H 3 am ide) ppm .
F i g u r e  50 .  Graptophyllum picturn (Acanthaceae) P l a n t .
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7.4 E xperim ental Section  For Chapter 4
7.4.1 Collection of Sample
S a m p le s  o f  G r a p t o p h y l l u m  p i c t u m  w e re  c o lle c te d  from
M a rik in a , a suburb o f  M etro  M a n ila  in A p ril 1 9 8 6 .  A  vo u ch er  
sp ecim en  is dep o sited  w ith  the R esearch  C en tre fo r the N atu ral 
S c ie n ce s M a n ila , Philippines. T h e plant w a s identified b y M rs R o se  
M a d u lid .
7.4.2 Plant Description
G r a p t o p h y l l u m  p i c t u m  is an erect branched shrub 2  to 3 .5  m 
high, glabrous throughout. T h e leaves are opposite, entire, oblong to 
b ro ad ly e llip tic , narrow ed at both ends, about 1 0 - 2 0  cm  long and 
dull pu rple or green colou r and v a rio u sly  m ottled w ith w hite or 
gray patches. T h e inflorescence are 6 to 1 2  cm  in length. The corolla  
are dull purple or reddish-purple, about 4  cm  long (Figu re 50 ).
7.4.3 Isolation of Gp-78
G ro u n d air-d ried  le a ve s o f G r a p t o p h y l l u m  p i c t u m  (800 g) 
w ere extracted e x h a u stively  w ith 9 5 %  E tO H  (2 .0  1) until negative  
w ith  M a y e r 's  reagen t fo r alkaloid . On concentration in v a c u o  at 
tem p < 5 0 ° ,  a dark green resinous m aterial ( 1 7 4  g) w as obtained.
T h e alco h olic  extract w as partitioned betw een E t 20  ( 1 .3  1) and 
1 %  H 2 S 0 4  (90 0  m l). The aqueous layer w as basified to pH  9 -1 0  with  
con e N H 3 and extracted w ith C H C 13 ( 1 5 0 0  m l). E vap oratio n  o f the 
dried (anh yd rou s N a 2 S 0 4 ) chloroform  extract in vacu o  afforded the
crude b asic extract as a green resinous m aterial ( 2 .3 8  g).
T h e crude basic extract (C H C 13 ) w as chrom atographed by flash
co lu m n  ch ro m a to g ra p h y  on s ilic a  g e l (M e rc k  7 7 3 1 )  grad ien tly
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e lu tin g  w ith  h e x a n e , h e x a n e / C H C l3 C H C 1 3 , then M e O H . S im ila r
fr a c t io n s  b y  t ic  w e r e  p o o le d  to g e th e r. T h e  c o m b in e d  fra c tio n s  
e lu tin g  in 5 %  M e O H  in C H C 1 3 w e r e  p u rifie d  b y  p re p a ra tiv e  tic  
d e v e lo p in g  firs t  in C H C 1 3 , then in 5 %  M e O H / C H C l3 . T h e  dark blue  
ban d ( U V 254), R f  0 .3 5 ,  w a s  p u rified  b y  H P L C  u sin g 10 0 %  E t O A c  at 
l.O m l/m in  to y ie ld  G p - 7 8 ,  5 .0 8  m g.
7 . 4 . 3 . 1  S p e c t r o s c o p i c  D a t a  f o r  G p - 7 8
A  w h ite  s o lid  w ith  a m p 1 1 7 - 1 1 9 ° ;  H R E I M S :  F o u n d :  
2 2 4 . 1 2 9 6 ,  C 1 3 H 20O 3 requ ires 2 2 4 . 1 3 0 7 ;  U V  ( C H 3 O H ): X max 2 5 2  nm  
( 2 3 1 4 8 ) ;  I R :  3 4 0 0  (-O H  g ro u p ), 2 9 7 0  ( C -H  stretch in g fo r the
C H 3 g ro u p ), 2 9 1 5  &  2 8 7 0  (a ssy m m e tric  stretch  fo r - C H 2 -), 1 6 5 0  
( C = 0  fo r gro u p  a ,  p -  u n satu rated  k e to n e ), 1 3 8 0  ( > C ( C H 3 ) 2 ), 9 7 5  
( - C H = C H - C - 0 )  and 80 0  cm -1; *H  N M R  ( C D C 1 3 4 0 0  M H z , referenced at 
8 7 .2 5 ) ,  8 5 .8 9  (s, 1H , H -6 ), 5 .8 4  (t, 1H , J 8>7= 1 6 .0 ,  J 8 9 =  6 ,0 H z, H -8 ), 
5 .7 9  (dd, 1 H , J 7 8= 1 6 . 0 ,  J 7>9= 1 .0 H z ,  H -7 ) ,  4 .4 1  (q u in te t,1H , J 9>8=  6 .0 , 
J 9 1 0 = 1 . 0 H z , H -9 ), 2 .4 4  (d ,lH , J  17 .0 H z , H ax-2 ), 2 .2 4  (d, 1H , J  17 .0 H z ,  
H eq-2 ) ,  1 .8 9  (d, 3 H , J  1 .0 H z , H - 1 3 ) ,  1 .3 0  (d, 3H , J  6 .0 H z, H -10 ) , 1 .0 8  
(s, 3 H , H - l  1 )  and 0 .9 9  (s, 3 H , H - 1 2 )  ppm ; 1 3 C  N M R  ( C D C 1 3 , 10 0 .6  
M H z , re fe re n ce d  at 8 7 7 .0 )  8 : 1 8 6 .0  ( C - l ) ,  1 3 5 . 9  ( C - 2 ) ,  1 2 9 . 1  ( C -7 ) ,
1 2 7 . 0  ( C - 8 ), 9 7 .9  ( C - 3 ) ,  7 9 . 1  ( C -4 ) ,  6 8 .0  (C -9 ) , 4 9 .8  ( C - 6 ), 4 1 . 1  ( C -5 ) ,
2 4 . 1  ( C - 1 3 ) ,  2 3 . 8  ( C - 1 0 ) ,  2 2 .9  ( C eq- l l )  and 1 8 .8  ( C ax- 1 2 )  ppm .
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7 .5  E x p er im en ta l S ection  For C hapter 5
7.5.1 NMR Spectroscopy
N M R  sp e c tra  w e r e  a cq u ire d  on a V a r ia n  U n ity  4 0 0  
sp e c tro m e te r o p e ra tin g  at 4 0 0  M H z  fo r  p ro to n s, w ith  a 5  m m  
d ed icated  1 H / 1 9 F  V a ria n  pro b e fitted w ith  a deuterium  lo ck  circu it  
and V a ria n  V T  tem perature con tro l.
1 3  C  N M R  sp e ctra  w e re  a cq u ired  on a N M R  sp ectra  w ere  
acq u ired  on a V a ria n  V X R  5 0 0  spectrom eter w ith  a 5  m m  indirect 
d e te ctio n  V a r ia n  p ro b e fitte d  w ith  a deu teriu m  lo c k  c irc u it  and 
V a ria n  V T  tem perature con tro l.
A t t a c h e d  P r o t o n  T e s t : A P T  w a s carried  out fo llo w in g  the pulse  
seq u en ce d e scrib ed  b y  Patt e t  a l . m ,  R aben stein  e t  a l .2 1 8 , L e c o c q  e t  
a l .™
7.5.2 2-D NMR Experiments
C O S Y ,  T O C S Y  and R O E S Y  spectrum  spectra w ere acquired on a 
V a ria n  U n ity  4 0 0  sp ectro m eter o peratin g at 4 0 0  M H z  fo r protons, 
w ith  a 5  m m  d e d ic a te d  1 H / 1 9 F  V a r ia n  p ro b e fitte d  w ith  a 
deu teriu m  lo c k  circu it and V a ria n  V T  tem perature control.
H M Q C  and H M B C  sp ectra w ere  acq uired either on a V a ria n  
5 0 0 M H z  or a B ru k er 5 0 0  M H z  spectrom eters.
A b s o l u t e  V a l u e  C O S Y :  T h e  C O S Y  spectrum  w a s perfo rm ed  using  
the p u lse  seq u en ce describ ed  b y  B a x  e t  a l .  98 A  total o f  5 1 2  blocks 
o f  2 0 4 8  d ata po in ts w e re  co lle cte d  w ith  1 6  scan s per b lo ck . T h e  
data m a trix  w a s  ‘ z e r o -fille d ’ once in i \  to obtain a 1 0 2 4  x 2 0 4 8  
m a trix  p rio r to F o u rie r tran sform ation .
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T o t a l  C o r r e l a t i o n  S p e c t r o s c o p y :  T h e  T O C S Y  exp erim en t, also  
k n o w n  as the H o m o n u clear H artm ann-H ahn (H O H A H A ) experim ent 
w a s p erfo rm ed  u sin g the pu lse sequence d escrib ed b y B a x 1 0 4 a n d  
w a s acquired in the phase sensitive m ode. A  total o f 6 4  scans w ere  
co llected  fo r each o f 5 1 2  F ID s. T h e m ixin g tim e w as set at 80 ms. 
T h e  d ata  w e re  zero  fille d  as a b o v e  and m u ltip lied  in both  
d im e n s io n s  b y  G a u s s ia n  w in d o w  fu n c tio n s  p rio r to F o u rie r  
tr a n s fo r m a t io n .
2 - D  R o t a t i n g - F r a m e  N O E  ( R O E S Y )  S p e c t r o s c o p y .  T h e  R O E S Y  
exp erim en t w a s perform ed fo llo w in g  the pu lse sequence described  
b y  Kessler.212 T h e experim ent w as perform ed w ith a m ixing time 
o f 2 5 0  m s and the relaxation delay w as set at 1 .5  s. A  total o f 5 1 2  x  
2 0 4 8  b lo ck s w ith 3 2  scan per b lo ck  w ere collected. T h e data w ere  
zero filled  and processed as described above
H e t e r o n u c l e a r  M u l t i p l e  Q u a n t u m  C o h e r e n c e  ( H M Q C )  b y  
I n d i r e c t  D e t e c t i o n :
S p e ctra  o f P a n d a m a rila cto n e -31 and - 3 2  w ere acquired on a 
V a ria n  5 0 0  M H z  spectrom eters operating at 5 0 0  M H z w h ile spectra 
o f P an d am arilacto n e-1 w ere recorded on a B ru k er A M X  5 0 0  N M R  
sp e c tro m e te r u sin g  a 5  m m  In v e rse  lH / b r o a d  b an d  P ro b e  
(90h =  7 p sec, 9 0 c  =  1 1 . 4  p se c ).
H M Q C  spectra (V arian  5 0 0 M H z ) o f P an d am arilacton e-32  and - 
3 1  w e re  c a rrie d  out u sin g  the p u lse  seq u en ce d e scrib e d  b y  
Su m m ers e t a l . 119 A  total o f 2 5 6  blocks containing 2 0 4 8  data points 
w ere collected  w ith spectral width o f 4 4 0 0  H z in the dim ension.
T h e d e la y  in the pulse sequence w as set at 0 .0 0 36 s  ( = 1 / 2 J ,  w here
J = 1 4 0  H z, the one bond ! H - l 3 C  J  value). The data w ere zero filled to
2 0 4 8  x  4 0 9 6  data points and m ultiplied in both dim ensions by a
G a u ssia n  w in d o w  prior to Fo u rier transform ation.
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F o r  H M Q C  s p e c t r a  ( B r u k e r  A M X  5 0 0 M H z )  o f  
P a n d a m a r ila c to n e - 1 , P a n d a m a rila c to n e - 2  and P a n d a m a rila c to n e -3 2  
(repeat), 5 1 2  ti increm ents w ere accum ulated into 2 0 4 8  data points 
w ith  3 2  scans per ti in crem en t. T h e  exp erim en ts w ere  optim ised  
for J h -C  =  1 3 5  H z with interpulse delay o f 3  sec. The sam ple w as not 
sp in n in g  d u rin g  the ex p erim en t. B ird  seq u en ce w ith  re la xa tio n  
d e la y  tim e o f 600m s w a s used to suppress l H - i 2 C  sign als. Phase  
s e n s it iv e  e x p e rim e n ts  w e re  g e n e ra te d  b y  the p h a se  c y c lin g  
p ro gram m e, T P P I. P rio r to fo u rier transform ation, the initial data 
m atrix o f  all experim en ts w ere  z ero -filled  in each dim ension and 
m ultiplied b y  a sine2 -bell function in both the ti and t2 dim ensions. 
T h e spectra w ere not sym m etrized but the T i  noise w as elim inated  
b y the pro gram m e A u re lia .
H e t e r o n u c l e a r  M u l t i p l e  B o n d  C o h e r e n c e  ( H M B C )  b y  
I n d i r e c t  D e t e c t i o n :  F o r  P a n d a m a rila c to n e -32  and - 3 1 ,  a total o f  
2 5 6  b lo ck s co n tain in g 2 0 4 8  data points w ere co llected  using the 
p u lse  sequ en ce o f  Sum m ers e t  T h e data w ere zero filled  to
2 0 4 8  x  4 0 9 6 . T h e  d elay in the pulse sequence w as set at 0 .0 5 6 s  
( = 1 / 2 J ) ,  w here J= 9 H z  is the long range coupling constant o f interest. 
T h e data w ere processed in anabsolute value m ode.
F o r  P a n d a m a r ila c to n e -1 ,  - 2  and - 3 2  (re p e a t), the p u lse
seq u en ce b y Su m m ers e t  a l . 1 7 9 w a s used and the experim ent w as  
o p tim ised  fo r J l r H -C  =  8 .0 H z and the sh ort-range cou p lin g w as  
supressed b y  A =  3 .5  m sec. A n  interpulse delay o f 5  sec w as applied
and the sam ple w as not spinning during the experim ent.
7.5.3 Isolation of Alkaloids
P a n d a n u s  a m a r y l l i f o l i u s  grou n d le a v e s , 2 0 0 0  g , w ere  
extracted  e x h a u stiv e ly  w ith 9 5 %  E tO H  until n egative with M a y e r ’s
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re a g e n t. T h e  a lc o h o lic  e x tr a c t  upon c o n ce n tra tio n  under v a c u o  
y ie ld e d  a dark green a resin o u s m aterial, 3 0 1 . Og.
T h e  a lc o h o lic  ex tra ct, 1 1 0 . 0  g ., w a s  partitioned betw een  E t 2 0  
and 5 %  H 2 S O 4 . T h e  organic layer w a s dried over anhydrous N a 2 SC>4 , 
co n cen tra te d  to g iv e  a green  resin o u s ex tra ct. T h e  w ater so lu b le  
w a s  a lk a lin is e d  w ith  c o n c e n tra te d  N H 4 O H  till p H  9 - 1 0  and 
e x h a u s t iv e ly  e x tra c te d  w ith  C H C I 3 . T h e  C H C I 3  so lu b le  fractio n  
a ffo rd ed  a b ro w n ish  green resinous m aterial, 1 . 3 6  g. ( 1 .2 4 % ) .
C h ro m a to g ra p h y  b y  tic on s ilic a  d e v e lo p e d  in 5 : 1  ratio  o f  
C H C l 3 : C H 3 0 H  and v isu a lised  under UV254  and D ra g e n d o rff spray  
re a g e n t sh o w e d  at le a st f iv e  a lk a lo id s, 4  o f  w h ic h  app eared as 
m in o r co m p o n en ts.
Iso latio n  o f  the m ajor alkaloids and p o ssib ly  any o f the m inor 
a lk a lo id s  w e re  c a rrie d  out b y  co lu m n  c h ro m a to g ra p h y  (g r a v ity )  
elu tin g  gra d ien tly  in C H C I3  w ith in creasin g C H 3 O H  co n cen tra tio n . 
T h e  cru d e alk alo id al fractio n , 4 3 4 . 2 1  m g, g a v e  4  com bined eluates 
w ith  the firs t  three least p o la r lab elle d  as P a -3  A - 1 ( 3 3 . 4 2  m g .), 
P a - 3 A - 2  ( 1 9 8 . 5 2  m g .), P a - 3 A - 3  ( 1 8 8 .0 6  m g .), re sp e ctiv e ly .
T h e  ch ro m ato gram  on S G F 2 5 4  d evelo p ed  in C H C I3 . C H 3 O H  
( 5 : 1 )  sh o w ed  the fra ctio n s lab elled  as P a -3  A - 1 and P a - 3 A - 2  to be 
qu ite  cle a n . T h e  third fractio n  lab elled  as P a - 3 A - 3 ,  h o w e v e r, w as  
o b served  to be a m ixture based on its T L C  chrom atogram  and its *H  
N M R  sp ectru m . B o th  P a - 3 A - 2  and P a - 3 A - 3  sh ow ed the presen ce o f  
a m ore p o lar band than an y o f the three alkaloids as observed from  
the tic  ch o m a to g ra m . T h is  p o lar band app eared as a dark band  
u n der U V 2 5 4  and responded p o sitiv e ly  w ith  D ra g e n d o rff reagent.
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7 .5 .3 .1  P u r i f ic a t io n  a n d  S p e c tro s c o p ic  D a ta  of
P a n d a m a rila c to n e -1  (Pa-3A -1)
The fraction Pa-3 A-1 was purified by PTLC developed in 20% 
hexane in CHCI3. A dark blue band under UV254 was obtained as a . 
light green resin, 7.10 mg. This isolate was further purified by 
reversed phase HPLC eluting isocratically in 80% CH3CN in H2O. A 
light yellow coloured eluate was obtained after approx. 25.0 min 
which upon concentration under vacuum yielded a yellow 
amorphous solid (2.58 mg) labelled as Pandamarilactone-1. On -tic, 
thiscompound gave an Rf 0.78 (CHCl3:CH30H 5:1) or 0.66 (CHCl3:EtOH 
9:1)
UV (CH3OH, 2.58 x 10-3g/ml): Xmax 278.4 (£423.8), 234.8 (£628.9),
211.6 (£884.5).
MSFAB (glycerol) : 318 (M+l)
HREIMS : 317.1635 for C18H23NO4 (DBE = 8). .
IR (Film on NaCl disc): Dmax3392.2, 2921.9, 2852.7, 1764.0, 1695.3,
1455.9, 1379.3, 1262.4, 1056.1, 994.1, 802.1, 757.6 cm-1.
[<x]D -33.00(1.0 x 10-3 g/ml, CH3OH)
7.5.4. Purification of Pa-3A-3
The third fraction Pa-3A-3 was eluted by column 
chromatography using CHCI3 with increasing CH3OH concentration 
and monitored by tic. Eluates with similar tic profile were combined 
together. These were then purified further by PTLC on SGF254 
developed twice with CHCl3:EtOH 95:5. Three bands were obtained, 
with the third alkaloid being the most polar appeared as a bright 
blue band under UV light.
Finally, Pa-3A-3 was purified by HPLC on reversed phase 
column using a linear gradient from water to CH3CN at 1.0 ml/ min
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w ith  U V  d etectio n  set at 2 5 4  nm . T w o  w e ll re so lv e d  p e a k s w ere  
o b ta in e d  a fte r  a p p r o x im a t e ly  2 1 . 0  and 2 2 . 0  m in , la b e lle d  as  
P a - 3 A - 3 1  and P a - 3 A - 3 2  w ith  the latter b ein g the m ajo r com ponent.
7 . 5 . 4 . 1  S p e c t r o s c o p i c  D a t a  f o r  P a n d a m a r i l a c t o n e - 3 1
( P a - 3  A - 3 1 ) .  
co lo u rless so lid , m . pt.
M S  ( H R E I M S ) ,  3 3 3 . 1 9 2 2 ,  C 19 H 27N O 4 , D B E  8 C l  3 3 1  
U V  (C H 3 O H ): A.max 2 9 4 .6  ( £ 1 . 7 9 3 ) ,  2 0 9 .8  ( Z 1 . 1 0 5 )
I R  (F ilm  on N a C l d isc): u m ax3 4 1 3 . 2 ,  2 9 2 3 .4 ,  2 8 5 4 . 1 ,  2 3 6 2 .6 ,  2 3 3 5 . 3 ,
1 7 6 4 . 5 ,  1 6 6 7 . 5 ,  1 5 5 0 . 5 ,  1 4 4 6 .6 ,  1 3 5 4 . 0 ,  1 2 9 6 . 4 ,  1 1 9 6 . 6 ,  1 0 5 7 . 5 ,
8 0 1 .5 ,  7 5 6 .9  c m - 1
[ a ] D - 2 .0 o ( l  x 10 -3  g/m l, C H 3 O H )
7 . 5 . 4 . 2  S p e c t r o s c o p i c  D a t a  f o r  P a n d a m a r i l a c t o n e - 3 2  
( P a - 3 A - 3 2 )
L R F A B M S  a n d  E l e c t r o s p r a y  : 2 9 9 .0  
M S  ( H R E I M S )  : 2 9 9 . 1 5 2 1 ,  C 18 H 2 1 N O 3 D B E  =  9
U V  ( C H 3 O H ): Xmax 3 2 5 . 4  (A  =  0 .8 6 4 ) , 2 7 8 .6  (0 .9 3 9 ) , 2 3 0 .0  ( 0 .7 7 7 ) ,  
and 2 0 8 .2  ( 1 .0 4 0 )
I R  (F ilm  on N a C l d isc) :om ax3 4 1 3 . 2 ,  2 9 2 3 . 4 /  2 8 5 4 . 1 ,  2 3 6 2 .6 ,  2 3 3 5 . 3 ,
1 7 6 4 . 5 ,  1 6 6 7 . 5 ,  1 5 5 0 . 5 ,  1 4 4 6 .6 ,  1 3 5 4 . 0 ,  1 2 9 6 . 4 ,  1 1 9 6 . 6 ,  1 0 5 7 . 5 ,
8 0 1 . 5 ,  7 5 6 .9  c m - 1
I R  ( C H C I 3 solution ): Unia x 3 0 3 1 . 5 ,  2 9 3 2 . 3 ,  2 8 5 7 . 3 ,  1 7 6 4 . 3 ,  1 7 1 0 . 5 ,
1 6 6 7 . 5 ,  1 5 8 0 .6 ,  1 4 4 0 .0 ,  1 3 6 1 . 7 ,  1 2 4 0 .0 ,  1 1 8 8 . 3 ,  1 0 6 3 . 1 ,  and 8 4 2 .3  
c m " 1 .
[a ]D 0.0°
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7.5 .5  Pandam arilactone-2 (Pa-3A-2)
P a - 3 A - 2  w a s  p u rifie d  in itia lly  b y  co lu m n  c h ro m a to g ra p h y . 
H o w e v e r , ch ro m a to g ra p h y  b y  p rep a ra tiv e  T L C  on silic a  d evelo p ed  
in 1 0 %  E tO H  in C H C I3 p ro vid ed  P a - 3 A - 2 ,  3 2 .0 6  m g. T h e appearance  
o f  an oth er band at a lo w e r  R f  than P a - 3 A - 2 .h a d  been o b served  
d u rin g the p u rifica tio n  o f  this alk alo id  p a rtic u la rly  in silica . T h is  
b an d , w h ic h  g iv e s  a p o s itiv e  re sp o n se  w ith  D ra g e n d o rff reagen t, 
w a s later fou nd to be the decom position  product o f P a - 3 A - 2 .  A  2 -D  
th in  la y e r  c h ro m a to g r a p h y  on s il ic a  sh o w e d  that P a - 3 A - 2  is  
se n sitiv e  to a cid  and b reak d o w n s to a m ore p o lar structure. T h is  
w a s  fu rth e r su b sta n tia te d  b y  the ad d itio n  o f  a d ilu te  a cid  to 
P a - 3 A - 2 .  T h e  d isap p earan ce o f  P a - 3 A - 2  and the intense colouration  
w ith  D ra g e n d o rff reagen t o f  the m ore p o lar com pound as observed  
fro m  its tic ch ro m ato gram  su ggested  a co m p lete co n versio n  to the 
d e c o m p o sitio n  p ro d u ct.
P u r ific a tio n  b y  co lu m n  c h ro m a to g ra p h y  on alu m in a u sin g  
h exan e and C H C I 3 afforded P a - 3 A - 2  w ith the decom position product 
still qu ite v isib le . E ffo rts  to isolate a pure P a - 3 A - 2  failed , hence the 
stru ctu re elu cid atio n  o f  P a - 3 A - 2  w a s carried  out together w ith the 
m ore p o la r iso late  
L R F A B M S :  3 1 5
U V  (C H 3 O H , c = 0 .0 2 2 9 6  g/m l): Xmax 2 7 5 .4  ( Z 1 6 4 0 8 . 5 1 )
I R  (F ilm  on N a C l d isc): 'D m a x 336 3.5 , 2 9 2 2 .8 ,  2 8 5 3 .6 ,  2 3 6 0 .6 ,  2 3 3 5 .8 ,  
1 7 6 3 . 8 ,  1 4 5 5 . 3 ,  1 3 7 7 . 9 ,  1 0 5 7 .9  c m - 1
l H  N M R  ( C D C 1 3 . 9 0  M H z): 5 6 .9 6  (q, J 1 .8 H z ,  1H ,), 6 .9 2  (q, J 1 .8 H z , 1H ),
5 .0 8  (t, J 7 .2 H z ,  1H ), 4 .6 5  (m , J 1 .8 H z ,  1H ), 1 .8 9  (m ), 1 .8 4  (br s, 1H ),  
1 .8 0  (t, 1H ), 1 .7 9  (br s, 3 H ), 1 . 7 7  (t, 3 H ), and 1 .5 8  (t, 3H ).
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7.6 E xperim ental Section  for C hapter 6
7.6.1 Cultivation of the I p o m o e a  m u r i c a t a  Plant
Mature seeds of Ipomoea muricata  were soaked in water 
overnight. The swollen seeds were allowed to germinate until about 
5 cm in length, afterwhich the seedlings were transferred to 
individual pots. The plants were kept at a constant temperature of 
about 25°C in a glasshouse with regular watering. A slow-release 
fertilizer (Osmocote) was added into the soil to provide nutrients for 
the plant. Flowers started to bloom after 3 months.
7.6.2 Incorporation Time Determination
One week and two week old seed capsules were collected and 
ground in a mortar and pestle with the aid of some acid-washed 
sand. The seed capsules and sand mixture were packed on top of an 
alumina (neutral) column and extracted with the mixture of 
E t0H :H 20:H 0A c (90:9:1).209 The eluate was monitored for alkaloids 
on tic using silica (SGF254) developed in 90% CHCI3/CH3OH and 
visualised by UV2 5 4  and Dragendorff reagent.
7.6.3 Administration of Acetate-Labelled Precursor to 
I  . m u  r i c a t a
An aqueous solution of [2-14C] acetate, sodium salt 
(Amersham, 54mCi/mmol, lmCi/ml) was injected into one week or 
two week old seed capsules (40 seed capsules at 4.0 jiC i/seed  
capsule) with a 1.0 ml insulin syringe. The seed capsules were 
vented by boring an approxim ately 1 mm diam eter hole 
approximately 1/2 cm deep into the capsule to prevent explusion of 
injected material. After 3-4 weeks, the brown and dry seed
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capsules were collected. The pale brown seeds, 16.0 g, were air 
dried and ground using a coffee grinder.
7 .6 .4  E x t r a c t i o n  o f  I p a lb id in e  a n d  Ip o m in e  fr o m  / .  
m u r i c a t a
The acetate-labelled ground seeds were soaked in 95% EtOH. 
Extraction was carried out until the alcohol extract was negative 
with Mayers reagent. The concentrated dark brown alcohol extract, 
1.36 g, was partitioned between EtOEt and 5%H2S04. The ether layer 
yielded a yellow oil, 0.9013 g, upon concentration. The acid layer 
was basified with concentrated ammonia to pH 9-10 and extracted 
with ethyl acetate. The EtOAc layer yielded a 58.86 mg of dark 
brown resinous material on evaporation. TLC of the ETOAc layer 
was carried out on SGF2 5 4 , developed in 90% CHCI3/CH3OH and 
visualised in UV2 5 4  and Dragendorff reagent.
Isolation of the alkaloids from the EtOAc fraction was 
performed by preparative thin layer chromatography on silica 
plates (Merck 7731, 2 mm thickness) developed in 30% CH3OH in 
CHCI3. The three fluorescent bands under UV2 5 4  were scraped off, 
ultrasonicated in EtOAc, filtered and the filtrate concentrated under 
vacuum. Ipalbidine, the least polar band (Rf =0.58), obtained as a 
white solid 5.37 mg, was identified by comparison (tic and !H NMR) 
with an authentic sample. Ipomine identified by comparison (tic 
and !H NMR) with an authentic sample, was obtained in 6.20 mg 
yield as a pale yellow solid.
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7 .6 .5  R a d i o a c t i v i t y  M e a s u r e m e n t s
(a )  S a m p le  P r e p a r a t io n
T h e  d i f f e r e n t  p la n t  ex t ra c ts  and iso la te s  w ere  d isso lv ed  in 
C H 3 O H  (AR Grade) . A 0.1 ml a l iquot port ion of  the solutions were 
m ixed  with  3.9 ml OCS (Sc in t i l la t ion  L iqu id  for Organic  solvents) .  
T he  h o m o g en o u s  so lut ions were  kep t  in the dark  for an hour  before 
14C ac t iv i ty  was d e te rm in ed  via  l iquid sc in t i l la t ion  count ing  for 5  
m in u te s  ( B e c k m a n  LS 6000  Ser ies  L iq u id  S c in t i l la t io n  Counter) .  
A v e rag e  of  th ree  r ead ings  w ere  reported .
B o th  i p a l b i d i n e  and  i p o m i n e  w e re  p u r i f i e d  by c o lu m n  
c h r o m a to g r a p h y  on s i l ica  and e lu t ion  w ith  C H C I 3 : C H 3 O H : N H 3 
(36 :6 :0 .5) .  Ip a lb id ine  was obta ined  in 1.85 mg yield while  Ipom ine 
y ie ld ed  3 .00  mg o f  a ye l low  solid. The  l ^ C  r a d i o a c t i v i t y  was 
o b ta ined  by co u n t in g  for 10 mins. A verage  of three read ings  were 
r e p o r t e d .
7 .6 .6  A d m i n i s t r a t i o n  o f  [U - 1 4 C ] T y r o s i n e  to  I. rnuricata
O n e  w e e k  old cap su le s  af te r  f lo w e r in g  w ere  se lec ted .  An 
aqueous  solut ion of  universa lly  labelled tyrosine, L - [ U - 1 4 C] T yros ine  
( A m e r s h a m ,  4 8 6 m C i /m o l ,  25 0 p C i /5 m l)  was in jected into a total of 
67 seed  capsu les  at a level of  2.5 p C i /s e e d  c a p su le .  T h e  d r ied  
ca p su le s  co n ta in in g  the pa le  b rown m ature  seeds of  / .  rnuricata 
w ere  co l lec ted  after  45 days. A fte r  air drying for several days, a 
tota l o f  20.36 gms of seeds were obtained.
T h e  a lka lo id s  were  iso la ted  fo l low ing  the same f rac t iona t ion  
p ro c e d u re  as m en t io n ed  in 6 .4 3 1  using C H C I 3 instead of E tO A c to 
e x t r a c t  the  t e r t i a ry  a lk a lo id s .  T h e  da rk  b row n a lco h o l  ex t rac t ,  
1.64 g. yie lded a yel low oily E tOEt extract ( 1 . 1 2  g.) and 46.60 mg of 
CHCI3
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The alkaloids in the CHCI3 fraction (43.80 mg) were isolated 
and purified by column chromatography on silica, eluting with 
CHCl3 :CH3 0 H:NH3 (36:6:0.5). Ipalbidine (3.45 mg) and Ipomine (2.02 
mg) were isolated. Purification by column chromatography using 
the aforementioned conditions was carried out thrice until 
radiochemically pure isolates with a constant specific activity were 
obtained.
The preparation of sample for radioactive counting was 
carried out as described for the acetate-labelled alkaloids. All the 
extract and isolates were measured for 14q  radioactivity using 
liquid scintillation counting for 30 mins. Average of all three 
readings were reported.
APPENDIX 1
TWO DIMENSIONAL NMR SPECTROSCOPY
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TWO DIMENSIONAL NMR SPECTROSCOPY
A.1.1 Double Q uantum  Filtered (DQF) COSY 2-D NMR
In this experiment two 90° pulses separated by time l \  
create double quantum coherence which is followed by a 
minimal duration fixed delay and then a third 90° pulse that 
converts the magnetisation back to observable single quantum 
magnetisation prior to acquisition during t2 .(Diagram l ) . l ° 0’101
PREP RRRT ION-M- EVOLUTION—> <— DETECTION
Diagram 1. Pulse Sequence for DQF COSY
A.1.2 Triple Quantum Filtered COSY
The pulse sequence is the same as that for the DQF COSY 
except that 45° phase shifts are used, instead of 90° phase 
shifts. 100» 101
A.1.3 Relay COSY
The pulse sequence for RCOSY builds on the pulse sequence 
for the COSY experiment (Diagram 2) .102
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Diagram 2. COSY 90 Pulse Sequence.
In a RCOSY experiment, following the establishment of 
coherence between mutually coupled protons through the first 
two 90° pulse of the COSY sequence, magnetisation is then 
relayed to the next nearest neighbour protons via a mixing 
period, -xm - 180°-Tm-90°-. The 180° refocusing pulse located
midway through the mixing period (after xm) serves to eliminate 
any further chemical shift evolution that would also transpire 
during the mixing period in the absence of the refocusing pulse 
(Diagram 3).
PREP/M EVOLUTION
Diagram 3. Relay COSY Pulse Sequence.
The RCOSY responses can be further explained with a 3-spin 
AMX system where Jax = 0. In a COSY experiment, the correlation
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between A and M is established via Jam and M and X via JMX- Since 
Jax = 0, no correlation between A and X will be observed in a COSY 
experiment. However, connectivity between A and X can happen 
through relayed coherence transfer. This can be observed through 
the coupling of both A and X to the intermediate M. Experimentally, 
this is achieved by inserting a mixing time, rm , after the
establishment of the coherence between the vicinal coupled protons 
via the first 90° pulse. This mixing time allows the magnetisation to 
be relayed to the next neighbouring protons. The degree of 
magnetisation transfer is dependent on the value of Jm x - Thus, in 
setting up a RCOSY experiment, the value of the mixing time, Tm , is 
important and an average value is used to cater for the variety of J 
values in the molecule.
A.1.4 Double Relay COSY
An inclusion of a second mixing period in a RCOSY pulse 
sequence extends the magnetisation to give the double relay.
90 J
180°4>1 180°4>1









MIXING K- DETECT ION ( t 2)
Diagram 4. Double Relay COSY Pulse Sequence.
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A .1.5 Total C orrelation  Spectroscopy (TOCSY)
As shown in Diagram 5, an initial 90° pulse which is phase 
cycled to suppress axial responses and quadrature phase images, 
is followed by an evolution time, ti ,  incremented in the usual 
fashion to digitise the second frequency domain. The second 90° 
pulse common to the COSY pulse sequence is replaced by a 
mixing interval during which isotropic mixing and hence 
coherence transfer occurs. The mixing period provides efficient 
suppression of chemical shift terms with energy matching to 
allows spin exchange to occur. A variety of sequences of pulses 
may be applied to satisfy these requirements. The mixing period 
may consist of a single pulse, a series of pulses of constant phase 
to provide a spin lock or one of the sequences of phase shifted 
pulses. The latter, a MLEV-16 pulse train104 was used in this 
experiment. The extent of the transfer of coupling is dependent 
on the length of the mixing intervals. Thus, this experiment is 
analogous to the multiple-step RELAY experiment. If a sufficient 
length of mixing interval is used then responses for all members 
of a spin system, even those without direct coupling, will be 
observed; hence the basis of the name TOCSY.
90°
TRIM PULSES
Diagram  5. Total Correlation Spectroscopy Pulse Sequence
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A .1.6 N u clear O v e rh a u se r  E n h an cem en t S pectroscopy  
(NOESY) and Rota ting -F ram e O verh au ser E nhancem ent 
Spectroscopy (ROESY)
A NOESY experiment provides the dipolar or spatial 
relationships between protons. Its pulse sequence (Diagram 6) is 
the same as that used for DQF COSY aside from the introduction 
of Tm, thus various coherence transfers maybe present. The 
occurence of crosspeaks arising from scalar correlation may be 
observed on the NOESY spectrum which may lead to a 
misinterpretation of the observed crosspeaks.
90  90 90
Diagram 6. NOESY Pulse Sequence.
The ROESY or the spin-locked NOE experiment (Diagram 7) 
is used to provide through-space connectivity between the 
various networks of coupled protons. However, the occurrence of 
crosspeaks arising from COSY and HOHAHA (TOCSY) coherence 
transfer can also be observed. This problem is improved by 
holding the magnetisation to the xy plane with a so-called spin 
lock which is actually a continuous irradiation with a radio­
frequency field of medium strength. With the spin-locked nOe 
experiment, nOes are always positive and the crosspeaks due to 
relayed nOe (from spin A, via M to X) are in-phase with the 
diagonal peaks and are therefore readily distinguished from
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direct nOes which are inverted relative to the diagonal peaks. 
Also, the scalar correlations can be differentiated from the 
transverse nOe signals since the nOes are in opposite phase with 
the COSY and HOHAHA crosspeaks.
Diagram 7. ROESY Pulse Sequence with spin-locking.
A .1.7. In v e rse -D e tec tio n  D irec t H e te ro n u c lea r M ultip le  
Q uantum  Coherence (HMQC)
The pulse sequence (Diagram 8) used in the inverse-detection 
direct (one-bond) HMQC was based on that described by 
Sum m ers.179 The signals from protons bound directly to 12C are first 
inverted by the BIRD pulse at the beginning of the pulse sequence. 
This com ponent of m agnetisation was allowed to relax 
longitudinally during the null delay, which was set at 300ms. The
90*x 10O*x 90'-x 90*x 100'X












Diagram 8. HMQC Inverse Detection Pulse Sequence.
2 0 0
90° proton pulse, followed by A (interpulse delay) later by the 90° 
carbon pulse, creates heteronuclear multiple quantum coherence 
that is allowed to evolve during the evolution time period, ti. The 
18 0 °  proton pulse midway through the evolution period 
interchanges zero- and double-quantum coherence terms while 
simultaneously affording broadband decoupling in Fi. The final 90° 
carbon pulse converts the evolved multiple quantum coherence into 
observable single-quantum proton coherence, which is antiphase 
upon creation.
In principle, the observed 1H signals are modulated not only 
in amplitude by the l^C shifts, but also slowly in phase by the 
homonuclear scalar coupling.
A . 1 . 8  I n v e r s e - D e t e c t i o n  L o n g  R a n g e  H e t e r o n u c l e a r
M u lt ip le  B o n d  C o r r e la t io n  ( H M B C )
The HMQC experiment does not provide assignment 
information for non-protonated carbon. Also, for the case of exactly 
overlapping *H resonances, the HMQC experiment does not provide 
the unambiguous 13C resonance assignment. However, couplings 
between two- and three-bonds can be acquired by long range 
Heteronuclear Multiple Bond Correlation (HMBC) NMR technique.
Inverse-detected long range HMBC 2-D NMR technique 
provides structural information unobtainable only a few years ago. 
This technique provides the means to span heteroatoms and 
quaternary carbons, thus giving the chemist extremely powerful 
information that can link structural fragments together through 
intervening quaternary carbons.
The pulse sequence used for the HMBC experiment is that 
described by Summers179 and is shown in Diagram 9.
2 0 1
90**| 90**2 9 0 ’ *




Diagram 9. HMBC Inverse Detection Pulse Sequence.
The first 90° 13C pulse, applied at time Ai (=1/21Jc h ) after the 
first 90° proton pulse, serves to suppress one-bond correlation in 
the 2D spectrum. This 90° 13C pulse generates heteronuclear 
multiple-quantum coherence for protons directly attached to 13C, 
which is removed from the spectrum by alternating the phase of 
the pulse along the + axis, without changing the phase of the 
receiver. The second 90° 13C pulse, applied at time A2 later, creates 
the multiple bond, multiple-quantum coherence of interest. In 
principle the optimum choice of A2 is I ^ J c h * where ^Jch  is the 
long-range coupling constant of interest.
A .1.10 A ttached Proton Test (APT)
The Attached Proton Test experiment is related to the 
refocused INEPT experiment in which a multiplicity selection 
effected via a spin echo is preceded by a polarization transfer 
from protons to carbon. The pulse sequence for APT used in this 
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A3.1 C ircu lar Dichroisin
CD = AI = h x S/ 3.2982 x C x 104 x 1 where, 
AZ = dichroic absorption 
h =. height in mm 
S = m°/cm
c = mole/dm3 or mole/liter 
1 = cell path in cm
A3.2 B iosynthesis Studies
14Amount of C recovered
% Incorporation = -----------;------------------------ X 100
Amount of 14C. Incorporated
Specific Activity of Precursor 
in p C i/m m o le ______Dilution Factor
Specific Activity of Product 
in pC i / m m o 1 e
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